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Abstract

Glyphosate, an herbicidal derivative of the amino acid glycine, weas introduced to agriculture in
the 1970s. Glyphosate targets and blocks a plant metabolic pmhway not found in animals, the
shikirate pathway, required for the synthesis of aromatic aminoe acids in plants. After almost for-
ty vears of commercial use, and multiple regulatory approvals including toxicology evaluations,
literature reviews, and numerous human health risk assessments, the clear and consistent con-
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clusions are t%m‘cg}lyphmaw is of low toxicological concern, and no concerns exist with respect to
glyphosate use and cancer in humans. This manuscript discusses the basis for these conclusions.
Most toxicological studies informing regulatory evaluations are of commercial interest and are
proprietary in nature. Given the widespread attention to this molecule, the authors gained sccess
to carcinogenicity data submitted to regulatory agencies and present overviews of each wmﬁy
followed by a weight of evidence evaluation of tumor incidence data. Fourteen carcinogenicity
studies (nine rat and five mouse) are walm‘cé&d for their individual reliability, and select neo-
plasms are identified for further evaluation across the data base. The original tumor incidence
data from study reports are presented in the online data supplement. There was no evidence of
a carcinogenic effect related fo glyphosate treatrment. The lack of a plausible mechanism, along
with published epidemiology studies, which fail to demonstrate clear, statistically significant,
unbiased and non-confounded associations between glyphosate and cancer of any single
eticlogy, and a compelling weight of evidence, support the conclusion that glyphosate does
not present concemn with respect to carcinogenic potential in humans.
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Figurel. Structure of glyphosate acid.

sodiume-, potassiume-, ammoniume- and sopropyl ammonium-
salt forms of the active ingredient. The bulk-manufactured
active herbicide glyphosate hes the synonyms glyphosate
technical acid, technical grade glyphosate and glyphosate
aoid.

The economic importance of glyphosate for grow-
ers is high. 1t has been estimated that a hypothetical ban of
glyphosate would lead to decresses in the production of wheat,
fodder, maize and oilseeds, by 4.3~7 1%, with the result of an
estimated annual welfare loss of 1.4 billion USD to society
in the Eurcpean Union alone (Schmitz and Harvert 2012).
Furthermore, glyphosate plays an important role in integrated
pest management strategies, and affords the environmental
benefit of substantially reduced soil erosion resulting from of
no-til and reduced-till agriculture.

The long-term toxicity and mm“rm@@t‘}' ity of glyphosate
hes been investigated by multiple @mt ties including acadermia
registrants, and regulatory authorities, and the data gom@mt@d
have been evaluated in support of hwk ide regulatory approv-
als in many world regions including the USA (US EFA 1903)
and the BEuropean Union (EC 2002), and several scheduled
repvaltuations are currently ongoing inthe USA, Canada, Japan
and Europe (Germany Fapporteur Member State 2015a), with
irmminent conclusions.

Studies of appropriate scientific guality are the basis for
regulatory  decision maki wg Mandatory testing guidelines
(TGs) exist for toxicological studies subrmitted for regulatory
review of activesubstances for plant protection inmany regions
of the world. Such TGs have been relessed, infer alia, by the
United States Environmental Protection Agency (US EPA
2012), the uropean Union (EU ”OO{‘:%} the Japanese Ministry
of Agriculture, Forestry and Fisheries (JMAFF 2000), and the
Organization of Economic Co- wgwmf{ on and Development
(QECD "mm These TGs set quality standards for each type
of study by giving guidance mgard ng test species, straing, and
number of animals to be used, the choice of dosing, exposure
duration, and pararmeters to be measured and observed, as well
as Tor the reporting of results. Due to the lack O’f effective legal
and regulatory provisions for the sharing of brate study
data in the pest, and to guarantee the safety Qf hnical gly-
phosate obtained from different pmcm =5 of synthesis, several
rmanufacturers of glyphosate had to initiate toxicological test-
ing programs of their own. Occasionally, regulatory studies
had to be repeated 1o reflect major changes in the underlying
Ttz In the case of glyphosate, this hes given rise to a multi-

tude of studies for the same toxicological endpoints, leading
to the availability of an exiraordinerily robust scientific study
database that can be considerad unigue among pesticides,
industrial chemicals, and pharrmeceuticals. Such a remarkable
volume of studies addressing the same endpoints, conducted
over the last 40 vears by several independent companies and
laboratories while toxicology test guidelines have evolved,
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warrants investigation for consistency, retiability, and appli-
cation to their intended purpose: identifying potential humw
health hazards and selting appropriate endpoints for human
health risk assessment. Studies conducted with equivalent test
substances using the same TG are readily comparable and can
be evaluated by regulators following standardized schemes.
Minor differences in the findings reported by such repetitive
studies are attributable to statistical chance, natural biological
variability, type of basal diet, rate of fead consurnption, anirmal
strain differences, choice of dose levels, inter-strain genetic
drift over time due to varying vendor breeding prectices,
changes in animal care and hushandry practices across labo-
ratories over the vears, inter-laboratory variations in clinical
rmeasurements, and differences between individual pathologist
evaluation and | "mt@mr@mt"am of tissue %p@c‘m@m&.

Glyphosate s under significant political prassure due 1o

its widespread use, particularly in association with use on
geneticatly modified crops. One focus area of contention has
been the human safety of glyphosate, which has been repeat-
edly challenged by interest grot ips via mfm media, as well
as select research publications in the scientific literature
(Antondou et al. 2012, Aris amd Leblanc 2011, Aris and Faris
2010, Benachour and Seralini 2009, Gasnier et al. 2010,
Paganellt et al. 2010, Wimmmw et al. 2012, Romano et al.
2010y, To that end, one specific puh ication by Seralint et al.
(2012, retracted) drew significant crit &m fr@m both the toxi-
cology and broader scientific communities (Barale-Thomas
2013, Berry 2013, de Souze and Oda mw, Corunewald and
Bury 2013, Hammond et al. 2013, Langridoe 2013, Le Tien
and Le Muy 2013, Ollivier 2013, Panchin 2013, Sanders et al.
2013, Schorsch 2013, Tester 2013, Trewavas 2013, Tribe
2013). After a special review of the investigators raw data
by a mutually agreed-upon expert panel, the manuscript was
retracted by Food and Chemical Toxicology (FCT), for res-
songs of inconclusive data and unreliable conclusions (Hayes
Z%UM} The Editor of the International Journal of Toxicology

highlighted this manuscript as an wxamp e of possible failure
of the peer review process in a well-respected foxicology
jourral with an editorial board of well-known and respected
toxicologists (Brock 2014). The manuscript wes later repub-
lished without peer-review inan open access journal (Seralini
et al. 2014}, but will not be addressed in this data evaluation
due to the inappropriate study design, insuffiient reporting of
tumor incidence data, and the lack of a data supplementary 1o
the manuscript.

The chronic/carcinogenicity studies discussed in this paper
have been submitted 1o and evaluated by a variety of agencies
over time, including the World Health Organization (WHO/
FAO 2004b, WHOMAC 2004a), the United States Environ-

mental Protection Agency (US ERPA 1893), ’m(i“ ropean
wégmpmmr Member State Germany for the initial glyphosate
Annex 1 listing (EC 2002) and the recent Wumgww re-

evaluation (Germany Rapporteur Member Stale 2015a), as
well as the ongoing resvaluations in the USBA, Canada and
Japen. These regulatory bodies, drawing upon internal and/or
external expertise, have consistently concluded that glyphosate
is devoid of carcinogenic risk to humens.

The purpose of this article is 1o pmv"d@ the broader
scientifi ¢ community with insight info this large body of
carcinogenicity data on glyphosate, originally generated for
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reguiatory purposes. Bach study discussed in this review has
been assigned a reliability score in Tables 3 ~18, following the
Klimisch scoring systermn (Klimisch et al. 19973, In this sys-
temn, a score of “E is assigned to studies that are fully reliable
based on compliance with Good Laboratory Practice (GLP)
and adherence to appmprm@ study guidelines. A score of 2 s
appropriate if some guideline requirernents are not met, but if
these deficiencies do not w@g&t vely affect the validity of the
study for its regulatory purpose. Studies with a reliability of 3
employ a test design that is not fit for the scientific purpose of
the study, due to significant scientific Thws, or the objective of
the study not covering the regulatory endpoints, or both. Such
studies can provide wg‘}p lermental information but do not allow
a stand-alone appraisal of a regulatory endpoint. No studies
were sssigned a relisbility of 4, since each report contained
sufficient information to judge the validity of the study.

This menuscript presents the robust glvphosate carcingo-
genicity data generated by industry. Study surmmaries will
focus on carcinogenicity evaluation, 1o allow third parties the
opportunity to independently evaluate the carcinogenicity data
presented alongside other relevant data on carcinogenicity, Le.
genctoxicity testing and epidemiology, and facilitate a mul-
tidisciplinary carcinogenicily assessment as proposed in the
Hierature, by recognized experts in the felds of toxicology and
human heaith risk assessment (Adami et al. 2011).

Absorption, distribution, metabolism and excretion
of glyphosate

A number of absorption, distribution, metabolism, and excre-
tion studies (ADME) have been conducted on glyphosate for
evaluation in regulatory submissions (EC 2002, US ERPA 1993,
WHOMFAO 2004a) and also by acadernic institutions (Anadon
el al.2009). Glyphosate consistently demonstrates low gastro-
intestinal absorption (20 -40%).1ts metabolism is very limited,
whareby only small guantities of a single metabolite, aminom-
ethylphosphonicacid (AMPA), areeliminated in feces. AMPA
s likely produced by the Himited metabolism of glyphosate by
the gestrointestinal microfl ora, rather than via mammalian
metebolism. Glyphosate is structurally akin to a phase 1
rmetabolite, a glycine-conjugate of methyl phosphonate, and
thus avails itself to rapid urinary excretion. Systernic elimina-
tion is biphasic, with alpha-phese half-lives in the range of
6 —14 h (Anadon et al. 2008, WHO/FAD 2004a).

Toxicological properties of glyphosate

Tabie 1 contains a short overview of toxicological endpoints
of glyphosate that have been published in the List of Endpoints
identified for glyphosate by the Rapporteur in the European
Union under Regulation 1107/2008 (Germany Rapporteur
Mernber State ZW%} slyphosate is of low acute toxicity via
all routes of wxpmw* Slyp ww:m ‘sactive ingredient, an organic
acid, hes an irritating effect on mucosa which s evidenced by
eye irritation and effects on oral mm gastrointestinal mucoss;
final formulated products contain more neutral pH salt forms,
as reflected in the tebulated eve irritation data reported in
Table 11, on page 109 of the 2004 JMPR Toxicological Evalug-
tion (WHO/F A 2004a). Glyphosate is not mutagenic, not neu-
rotoxic, and has no effect on pre-natal development and fertility
at doses not excesding the maximum tolerated dose (MTD).
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Genotoxicity

Very recently, a review of the vast body of genotoxicity
studies on glyphosate and GBFs hes been published (Kier
and Kirkland 2013), including an online data supplement
presenting detailed data from 66 separate in vitro and in vivo
genotoxicity assays. The authors incorporated these studies
and published genotoxicilty data into a weight-of-evidence
analysis. The vast majority (over 98%) of the available bacte-
rial reversion and in vivo mammalian micronucleus and chro-
mosormal aberration assays were negative. Negative results for
in vitro gene mutation and a m@@ majority of negative results
for clestogenic @ﬁmt assays in mammalian cells support the
conclusion that glyphosate is not genotoxic for these endpoints
inmammalian test systerms. DNA damage effects are reported
in some instances for glyphosate at high or toxic dose

Is.
The cmmm ing weight of evidence is that glyphosate and
typical GBFs are negative in core assays, indicating that
the reported high-dose effects are secondary 1o toxicity and
are not due to DNA-reactive mechanisms. Mixed results were

oheerved for micronucleus assays in non-mammalian ems
and DINA damage assays of GBFs. These effects of GBFs may
also be associated with surfactants present in the formulated
products. Kier and Kirkland conclude that glyphosate and
its typical formulations do not present significant genotoxic
risk under normal conditions of human or environmental
EXPOsUres,

Epidemiology

Available epidemiological studies of glyphosate and cancer
endpoints were recently reviewed (Mink et al. 2012). Seven
cohort studies and fourteen case-control studies examining
a potential association between glyphosate and one or more
cancer outcomes were subjected to a qualitative analysis. The
review found no consistent pattern of positive associations
between total cancer (in adults or children) or any site-specific
cancer, and exposure 1o glyphosate. A recent review article
(Alavania et al. 2013) ciles one epidemiology study associ-
ating glyphosate use with nor-Hodgkin's lyrmphoma (NHL),
and accepts the study findings prima facie . Hawww Alavanja
et al.(2013) did not highlight six other published epidemiology
studies which evaluated glyphosate use Wd NHL, noting that
any associ at ww between NHL and glyphosate use was null or
not statistically significant. All seven studies were scrtinized
by Mink et al. (2012). NHL is not a specific diseass, as men-
tioned in h‘t‘)@twhw epidemiology review publications above, but
is rdther rmditiple presentations of lymphoma which are sim-
plistically classified as not being Modgkin's lyrmphomea (ML),
This dichotomous classifi cat on of HL/NHL was rejected by
the World Health Organization in 2001, whereby 43 different
lymphomes of various etio wg ies were pre v characterized
(Berry 2010). The Bradford Hill criteria are often applied in
efforts to determing whether an association between a health
effect and hurman exposure may be deemed causal. However,
an important premise often overlooked from Sir Austin Brad-
ford Hill's famous speech of 1965, is that before applying
these criteria, the observations should “reveal an association
between two variables, perfectly clear-cut and bevond what we
care to attribute to the play of chance” (Bradford Hill 1965).
This predicate of the association being “perfectly clear-cut”
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Tablet. Summary of toxicological endpoints for glyphosate (Germany Rapporteur Member State 201 5¢).

Value

Rerark

rdpoint

Oral ebsorption cal0%

Dermal absorption P

Rat L.DS0 oral L 2000mg/kg bw
Rat 1.D&0 dermal ! 2000mg/kg bw
Rat 1.C50 inhalation " Brmg/l.

Skin irritation Not irr
Fye irritation

ritating

Salts: Ighm non-irritating

Acid: moderately to mnfewly irritating

Rat, in vivo
Human, in vitro,
0.015¢ glyphosate/L.

4-h exposure

Skin sensitizatio Notsensitizing
(LLNA, Mugm; son-Kligmant, and Buehler test)
Genotoxicity Not g;sumtox ¢ {in vitro andin ww}
Chronic toxicity BYW gain, liver (organ W@;ght clinical chemistry, histology ); salivary Critical study used for ADI

glands (organ weight

T hi wm{quy) stomach mucosa and bladder

sefting

epithel ﬁzm{h stology ); eve (cataracts), caecum (distention, organ weight 1)
Lo

Reproductive toxicity

- 300mglkg bwiday
Developmental toxicity
maternally toxic doses

300 mglkg bw/day
: 5() mg/kg bwiday

Delayed neurotoxicity OAE

Acceptable Daily intake (ADI) 0. 5 gfkg bwcﬁay L
Basedon developmental toxic

0.1 mg/kg bw/day

Acceptable Operator Exposure
Level (AOEL)

- 100mg/kg bwlday (2-vr rat)
ip weight at parentally toxic doses.

city in rabbit

Basedon maternal toxicity in rebbit teratogenicity study

%@w{— mp!a ntation loss, fetal BW & cssification +:eff ects confined to

L 2000 mglkg bw/iday

Safely factor 100

Safety factor 100
Correctedfor oral absorption
of 20%

was recently highlighted as requiring statistical signifi
wherein the confidence interval of a relative risk rm
bracketed above 1.0, as well as concluding that the abwum—
tion may not be attributable to bias, confounding or sampling
error (Woodsideand Davis 2013). According to Bradford Hill,
should an epidemiology study be considered to demonstrate a
“perfectiyvclear-cut "association between glyphosate exposure
and a human health outcome, only then should the Bradford
Hill criferia be investigated to determine whether there is
causality. To date, no such “perfectly clear-cut” association
between glyphosate exposure and any cancer exists. Mowever,
investigative toxicology s an important discipline to evalu-
ate chemicals before any human exposure ocours, and these
data may inform subsequent considerations of whether asso-
cigtions are mtr’ﬁf‘mmbm to causality. One Bmdf@rd Hill crite-
rion in establishing disesse causality is plausibility, based on
kriown disease etiologies. In the case of ympmm, there are
numerous etiologies for the numerous and different lvmphoma
disenses, and as such, each lymphoma type should be investi-
gated i‘@r a plausible mechanism to determine whether causal-
ity may be attributed an g@g}pmpr fately qualified e:mmm jati ow
Another Bradford Hill criterion is identification of a bio logica
gradient, or dose-response, whi ch is a key consideration in H"w
following data evaluation.

Chronictoxicity studies

Severalone-vesr chronic studies have been undertaken in dogs
and one in rats, in addition to the many chronic/carcinogenic-
ity s ‘ ear interim seerifi ce groups. Current
Test Guidelines ( CERACEU and JMAFF) for long-term
studies clearly state that the highest dose tested should either
be at the maximum tolerated dose (MTD), conventionally
interpreted 28 a dm%z causing non-lethal toxicity, often noted

as reduced body weight gain of 10% or more (IURPAC 1897).
For test substances with low toxicity, atop dose not excesding
1000 mo/kg bwiday may apply, except when human exposure
indicates the need for a higher dose level 1o be used (CECD
2012a). All humen exposure estimates are well below 1 mg/kg
bwiday (see Discussion section), so that 1000 mg/kg bw/day is
a practical limit dose ‘f@f@ W hosate in carcinogenicity studies.
in the original pre-guideline chronic/carcinogenicity study,
rats were dosed well below the MTD (Monsanto 1981), but
in many subseguent studies, they were dosed well Inexcess of
today 'sstandard practice of not exceading the dose limit.

Dog chronic stuclies

Five one-year oral toxicity studies have been conducted
in Beagle dogs (Table 2). Studies in d@gﬁ; are not designed
to delect neoplastic effects; t studies are therefore not
discussed in detail. Nonetheless, the wmpmm agical inves-
tigations that are part of one-yvear dog studies according 1o
OECED TG 452 did not identify (pre) neoplastic lesions related
to the administration of glyphosate.

Trestrrent-related effects in dog studies with glyphosate
were restricted o non-specific fl ndings like small retarda-
tions in body weight gain and soft stools, which are common
findings in this test species. The lowest relevant NOAEL (e
highest NOAEL below the lowest LOAEL) in dogs on a daily
treatrnent regimen for one vear was 500 mo/kg bw/day. These
studies demonstrate that glyphosate is of very low toxicity
following repeat exposures in dogs.

Rat chronic stuclies

Thechronic toxicity potential of glyphosate acid was assessed
ina 12-month feeding study (conducted in 1995 and 1998} in

ED_001592_00010751-00004
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TableZ. Summary of one-yvear toxicity studies with glyphosate.

Authors:

Monsanto (1985)

Reliability/Justiftation

Substance:
Species/Strain:
Adm' 'mtmtim route:

2 Study performed according to GLP and OECD guideline requirements, with the following deviation: MTD not
reached by highest dose

Glyphosate (96.1% pure)

Dog/Beagle, groups of 6 Jand 8 ¥

Oral, capsule

0, 20, 100, 500 mglke bwiday

1 year

500mglkg bw/day: NOAEL (o # £ notreatment-related eff ects

Authors:

Cheminova (1990}

Reliability/Justifoation
Substance:

wpm'
Administration route:
mem

Duration:

Findings:

1 Study performed according to GLP and OECD guideline requirements, with no deviations.
Glyphosate(88.6 -89 .5%pure)

Dog/Beagle, groups of 4 Jand 4 ¥

Oral, capsule

0, BQ 300, 1000 mg/kg bw/day

1 year

300 mg/kg bwiday: NOAEL (o &)

1000mg/kg bw/deay: soft, liquid stools (attributable to capsule adrm

inistration); equivocal impact on body weight gain

Authors: Nufarm (2007
Reliability/Justifeation 2 Study performed according to GLP and OECD guideline requirements, with the following deviation: MTD not
reached by highest dose
Substance: Glyphosate (95.7% pure) .
Species/Strain Dog/Beagle, groups of 4 Jand 4 ¥
Administration route: Oral, capsiule
Doses: 0, 30, 125, 500 mg/kg bw/day
Duration: 1 year
Findings: 500mg/kg bw/day: NOAEL (o #7 %)
Notreatment-related off ecls
Authors: Arysta Life Sciences (1997¢)
Reliability/Justifeation 2 Study performed according to GLEP and OECD guideline requirements, with the following deviation: MTD not

Substance:
Species/Strain
Administration route:

reached by highest dose
Glyphosate (94.6% pure)
Dog/Beagle, groups of 4 and 4 ¥
Oral, diet

Cwmmmtim: 0, 1600, 8000, 50 000 ppm diet (7 about 34.1, 182, 1203 mg/kg bw/day; & about 37.1, 184, 1258 my/ky bwiday)
Duration: 1 year
Findings: 182184 mg/kg bw/day: NOAEL (o7%)
At high dose: loose stool, non-statistically signident retarded body weight gain, decreased ur mz v ok, alsqm and
non-statistically signi iftant focal preumonia (£, minor clinical chemistry @imrzgmwfi [T albumin o, P v (2)
Authors: Syngenta (19906a)

ReliabilityJustifoation

Study performed according to GLPP and OECD guideline requirements, with no deviations.

Substance: Glyphosate (95.6% pure)
Species/Strain Dog/Beagle, groupsof 4 Jand 4
Administration route: Oral, dist
Concentration: 0, 3000, 15 000, 30 000 ppm diet (& about 80.9, 440, 907 my/kg bw/day; & about 92.1, 448, 926 mg/kg bw/day)
Duration: 1 year
Findings: 15 000 ppm diet: NOAEL (%)
30 000 ppm diet: NOA o) No treatment-related exftls

30000 ppm diet: slight body weight reduction (%)

Authors: Syngenta (19960)

Reliability/Justifoation

wh&:’{ama

Mdmirm‘tml ion route:
Concentration:
Duration:

Findings:

1 Study performed according to GLP and OECD guideline requirements, with no deviations.
Glyphosate (95.6% pure)
Rat/Wistar Alplc AP, 5D, groups of 24 o
Oral, digt
0, 2000, 8000, 20 000 ppm diet (& about 141, 560, 1408 mg/ky bwiday; ¥
1 yvear
8000 ppm diet: NOAEL (oFi %)

20 000 ppm dist: parotid salivary glands (focal basophilia of the aciner cells considered non-adverse adaptive

response, w13/24, $15/24), body weight reduction

and 24 ¥

about 167, 671, 1664 mg/lkg bw/day)

24 male and fermale Wistar rats per group, dosed at 0, 2000,
8000 and 20 000 pom (Syngenta 1996). The mean achieved
dose levelswere 0, 141, 560 and 1400 mo/kg bw/day for males,
and 0,167, 671 and 16684 mg/kg bw/day for ferales. Spasticall

significant reductions in bodyweight were evident in animals
receiving 20 000 ppm glyphosate acid, together with a mar-
ginal reduction in bodyweight in rats receiving 8000 ppm, but
food consumption relative to controls was lower for these dog@
groups, suggesting reduced palatability of the diets containing

these doses of glyphosate. There were no toxicologically
significant or treatrnent-related effects on hemetology, blood
anc urine clinical chemistry, or organ weights (Table 2).
Thetreatrment-related pathol QQ ical finding, that is increased
incidence of mild focal basophilia, and a hypertrophy of the
acinar cells of the parotid salivary gland in both sexes which
had recelved 20 000 porm glyphosate acid, is considered an
adaptive response due to oral irritation from the ingestion of
glyphosate, an organic acid, in the diet. This was verified by

ED_001592_00010751-00005
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rmode of action investigations and studies with dietary admin-
istration of citric acid, a non-toxic organic acid with irritation
properties and pH dilution curve sirmilar to those of glyphosate
(Saltmires et al 2011), which elicited the same response inthe
acinar cells of the parotid salivary glands.

Inconclusion, the 12-month NOAEL in rats for glyphosate
acid, as determined from this study, s 8000 ppm (correspond-
”r»g to 560 mo/kg bw/day in males and 671 mo/kg bw/day
in females). This study does not cover neoplastic endpoints,
These were addressed in a subseguent study by the same spon-
sor (Syngenta 2001). Consistent with the findings observed in
dogs, this study dermonstrates that glyphosate is of very low
toxicological concern following long-term daily exposures.

Sirntlarty, most of the following 2-year rat carcinogenicity
studies included additional groups for 1-year interim sacrifice
toevaluatechronictoxicity. These studies did not elucidate sig-
nificant toxicological concerns for chronic dietary exposures to
glyphosate in rats in multiple expert reviews by governmental
agencies and several technical branches of the World Health
Organization including the Joint Meeting on Pesticide Resi-
dues Toxicological Evalustions (WHOMAQD 2004a).

Carcinogenicitystudies

Chronic/carcinogenicitytests are designed to simulate lifetime
exposures to an individual chermical and represent the most
rohust in vivo assay to evaluate the effects of chronic exposure
including carcinogenicity. These models are biological sys-
terms with natural background variability due to tumor formea-
tion as a natural consequence of aging. Glyphosate was found
tohaveno mr@‘m@gw’o potential, which is reflected in the data
showing only background noise of spontansous tUmoers across
the wide mmgmw of doses. Normal biological variagbility should
display various turmor types across all dose groups without an
apparent dose-response. The study summaries discuss “select
neoplasms”, identified by the authors as having an elevated
incidence above concurrent controls a@m@;% one o more dose
groups, most of which lacked statistical significance and/or
dose-response within an individual s udy These tumors are
then evaluated in the conlext of the whole data set, to provide
a robust welght of evidence overview for the doses spanning
saveral orders of magnitude. While not all studies have select
neoplasms identified in the individual study summary fables,
select neoplasms for all studies are reported in Tables 20-23.
Summary tables of the select neoplasms footnote the strain
tested for each dose, to allow consideration of strain differ-
ences in spontaneous tumor susceptibility (Tables 20-23). In
addition, complete tumor incidence surmmary tables havebeen
extracted from the original & gm rat {the published rat study,

Study 9, is not includedy and five mouse study reports or study
files, and posted in their original format, as a comprehensive
onting data supplement to this rmanuscript.

=

Ratcarcinogenicity

A total of nine chronic/carcinogenicity studies in the rat,
including one peer-reviewed published study, were available

for review. This duplication of large-scale studies in the same
animal model using the same test substance is mt consistent
with today's broader appreciation for animal welfare and
the reduction of unnecessary animal testing. However, these

Crit Rev Toxicol, 2015; 45(3). 186-208

studies ofbr mep;’wm Jnity foracritical discussion of findings
in individual studies in the context of the larger body of data
Wistar and Sprague Dawley were the strains used for the bioas-
says inrats. Seven studies were conducted under conditions of
GLP and two studies were not under GLIP (Study 1, conducted
before the introduction of GLP; Study 8, non-GLPY. Most
studies in rats were designed as combined chronic toxicity/
carcinogenicity studies, with interim sacrifices aﬁw 12 a‘mmm
of treatment for the assessment of non-peoplastic chroni
toxicity. Statisti aaé m&etmdw are noted in the manuscript mﬁ en
where statistica gw Tcance was attained. Slatistical differ-
ences in neoplasm incidence summary tebles are reported in
the online data supplements. Chronic endpoints and NOAEL
values are captured ineach study summary table; however, the
following study reviews focus on carcinogenicity.

Study1 (Monsanto 1981)

Arnearly study into the long-term effects of orally adminis-
tered glyphosate in the rat was conducted between 1978 and
1980 (Monsanto 19871}, prior to the adoption of international
test guidelines and GLP standards (Tables 3-8). Nonetheless,
the test protocol was broadly compliant with OECD TG 453
(1981). However, an MTD was not reached and the high dose
wes well below an acceptable dose Hmit of 1000 mo/kg bw/
day. Therefore, this study is rated Klimisch 3 for reliability,
and is considered inadequate for carcinogenicity evaluation
from a regulatory perspective.

Groupsof 50 male and 50 fermale Sprague Dawley rats were
administered glyphosate acid in the diet, at concentrations of
0, 30, 100 and 300 ppm, for up to least 26 months. The rmean
doses achieved were O (controly, 3, 10, and 31 mg/kg bw/day
for the males, and O (control), 3, 11, and 34 mg/kg bw/day for
the fernales. Study results are summarized in Table 3.

In general, the incidences of all neoplasms observed in
the treated and control animals were similar, or ocourred at
low incidence, such that a treatrment-related association could
not be made. The most common tumors found wera cormmon
spontanecus neoplasms, as reported in the literature relating
to rat (Johnson and mw mm in the pituitary glands of both
control and treated animals (Table 4. In the females, mam-
mary gland tumors were the next most cormmon neoplas
across control and dose groups (see data Supplementary un“xdy
1 1o be found online at hitp://informahealtheare.corm/doi/abs/
0.3108/10408444.2014.1003423).

Table3.
1981).

Study 1 -26-monthfeedingstudy of glyphosate in rats (Monsanto

Study owner:
Reliability/Justifeation:

Monsanto (1981)

3 Study not performed under GLP.
High-dose well below MTD. Does not
conform to modern testing standards.

Glyphosate (98.7% pure)

Rat/Spragus-Dawley, groups of 50
and 50 ¥

Administration route: Diet

Concentration: 0, 30, 100, 300 ppm diet (o about 0, 3,
10, 31 mglkg bwiday; % sbout 0, 3, 11,
34 mgfkg bwiday )

26 months
300ppm dist: NOAEL (o ffi %)

Notreatment-related eff ecls

Pituitery adenoma, Testes interstitial cell

Substance:
Species/Strain;

Duration:
Findings:

Select neoplasms:
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Table 4. Study 1 — Pituitary tumomilings.
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Dose group (mgflkg bwiday}

Fernales

Turmors 0 3.05 10.3

31.49 0

337 11.22 34.02

Piivitary tumors
Adenormas - B
Carcinomas - M
Combined

16/48 (33)
3/48 (8)
19/48 (40)

2043 (4)  3/48 (6)

Number of animals/total number examined (% per group)
19/48 (39 20/48 (42 18/47 (38)y 34/48 (70y 20/48 (60)y 31/50 (62) 26/49 (53)
14T (2)
21049 (43) 23/48 (48 1947 (40) 42/48 (88 36/48 (75) 36/50 (72 38/49 (78)

8/48 (17) 7/4B(14) 5/48(19) 12/49 (24)

B benign Mmalignant

The incidence of interstitial cell tumors of the testes in male
rats in both the scheduled twr“*cm% sacrifice animals, as well a3
for all animals, suggested a possible treatment-related finding,
and was presented along with contemporary historical control
data for comperison (Tables 5 and 8). It was noted that &t 12
months, the incidence of interstitial turnmors was near zero; how-
aver, in animals aged 24-29 months at necropsy, the incidence
incressed o mp@mxu;mt@ly 10%. The historical control data for
chronic toxicity and carcinogenicity from 5 studies terminated
at 24-29 months showed background levels of interstitial cell
turnors comparsble fo those found at the highest dose in the
study. Furthermore, the reported incidences in all dose groups
reflect the normmal range of inferstitial cell tumors in rat testes,
reported in the Registry of Industrial Toxicol wgv ﬁw mal Data
(Nolteetal. 2011). The incidence of intersti t I hyperplasia
did not provide evidence of a pre-neoplastic lesion. The inves-

tigators noted that at terminal sacrifice, t W‘« inci d@m* af inter-
stitial cell tumor wes 15.4% (4/26), while the range in control
animals from & contemporary studies (historical controls) was
6.2% (4/65) 10 27.3% (3/11), with an overall mean value of 9.6%
(16/166). When all animals on test are included, the incidence
for the high-dose males was 12% (6/50), compared 1o a contem-
porary historical control range of 3.4% (4/116) to 6.7% (5/75),
witha mean of 4.5% (24/535). The concurrert control incidence
of interstitial cell tumors (0%) was not representative of the
normal background incidence noted in conternporary historical
control data. Therefore, the data suggest that the incidence in
treafted rats is within the normeal biological variation observed mr
interstitial cell tumors at this site in this strain of rat. When evalu-
ated in the context of the full data set for male rats (Table 20, &
dose-response is clearly absent for the 25 doses evaluated in rals,
ranging from 3 to 1290 mo/kg bw/day, which dermonstrates thet
this turmor is clearly not a consaquence of glyphosate exposure.

In conclusion, glyphosate was not considered carcinogenic
in Sprague Dawley rats following continuous distary exposurs
of upto 300 ppm, corresponding to 31 and 34 mo/kg bw/day in
males and females, respectively, which is consistent with evalu-
ations by the US EPA (US ERA 1993), the original Annesx |t Hist-

Beased on the low doses tested in Study 1, Monsanto was
obliged to conduct a second chronic/carcinogenicity study in
rats (Study 2, discussed below) in accordance with OECD TG
453 (1981), which had heen developad and instituted after this
initial study was conducted.

Study? (Monsanto 1990)

In response 1o evolving regulatory requirements, this study
was conducted in accordance with the contermporary version
of OECD TG 453 (Monsanto 1980). The chronic toxicity
and carcinogenic potential of glyphosate were assessed in a
2d-rnonth feeding %tudy in 50 male and 50 fermale Sprague
Dawley rats, dosed with O, 2000, 8000 and 20 000 ppm (equiv-
alent to mean achieved dose levels of 0, 89, 362 and 240 mg/
kg bw/day for males and 0, 113, 457 and 1183 mo/kg bw/day
for fernales (Table 7). Inaddition, 10 rats per sex per dose were
included for interim sacrifice after 12 months. Observations
covered clinical signs, ophthalmic examinations, body weight,
food consumption, hematology, clinical chemistry and urinal-
ysis, as well as organ weights, necropsy, and histopathological
examination. This study was rated Klimisch 1 for reliability.

Treatrment-related findings in this study were significantly
reduced body weight in high-dose fermales, as well a8 increased
liver W@égm in high-dose males and females, and a slight
increase in incidence of mmmﬁt‘ lens ah’mg&‘%‘; in high-dose
males, Wh ch was not statistically signiticant for eve lesions
confirmed by histopathology (T'“az“ e 7). The body weight
changes confirm that the MTD was achieved in the highest
dose group. Benign thyroid C-cell adenomas were statistically
higher than controls in the mid-dose terminally sacrificed
m"}a{m but when pooled with unscheduled deaths, no “i@fﬁ:‘i"

cally significant increase was rwtw Benign pancreas islet
u*l% adenoras were not statistically higher for the unscheduled
or scheduled deaths, but when combined, were statistically
higher than controls in the low and high dose males. In both
cases, the benign tumors did not exhibit a dose-response, and
did not progress to carcinomas, and thus the US EPA con-

ing inkurope (EC 2002), and WHO/FAD {WHQ/’WAO 2004a). cluded that these tumors were not related to the administration
Table 5. Study 1 - Interstitial cell tumor fidings in the testes.
Dose (mglkg bw/day)

Tumors 0 3.05 10.3 3149

interstitial cell tumor — B Number of animals/total number examined (% per group)

Terminal sacrifice 0115 (0) 2026 (1.7 116 (6.3) 4726 (15.4)

Al Animals 0/50 (0 350 (8) 15O (2} B/50 (12}

interstitial cell hyperplasia Number of animals (% per group)

Terminal sacrifice 1567 1726 (3.8) 0/16 (0) /26 (0)

All Animels 15O (2) 150 (2) 15O (2) 0/50 (0

B benign, Mmalignant
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Table 6. Study 1 — Summary of the contemporary historical control data for interstitial cell tumors in the ftestes of

rats in chronic toxicity studies.

Study 1 Study 2

Study 3

Study 4 Study &

Number of control animals/total number examined (% per study)

Range

Terminal sacrifice  4/65 (6.2)  3/11(27.3)  3/26 (11.5)  3/24 (125)  3/40(7.5) 6.2-27.3%
Al animals 41116 (34)  575(67)  4/113(35)  &M13(5.3) 5118 (4.2) 34-6.7%

of glyphosate (US ERPA 1993, These neoplasms, in addition
to skin keratoacanthoma in males, a commor rat tumor, were
selected for further weight of evidence evaluation {Tables 20
and 21). No evidence of a glyphosate-induced carcinogenic
effect was noted in either sex (see data Supplementary Study
2 to be found online at http://informahealthcare.com/doi/abs/
10.3109/10408444 20141003423,

In conclusion, glyphosate wes not carcinogenic in Sprague
Dawley rats following continuous dietary exposure of up 1o
20000 pom for 24 months, correspording to 940 and 1183
mo/kg bw/day in males and females, respectively, which is
consistent with evaluations by the US EPA (US EPA 1803),
uropean Authorities (EC 2002), and WHOFAD (WHO/
FAO 2004a).

Studyd (Cheminova 1993a)

The chronic toxicity and carcinogenic potential of glyphosate
technical acid were assessed in a 104-week feeding study in

rmate and fermale Sprague Dawley rats (Cheminova 1893a).
The study was conducted between 1990 and 1992, Groups
of 50 rats per sex recelved daily dietary doses of 0, 10, 100,
300, or 1000 me/kg bw/day of glyphosate technical acid for
24 months (Table 8). Five additional groups of 35 rats per sex,
receiving daily dietary doses of, 0, 10, 100, 300 or 1000 mg/kg
bw/day, were included for interim sacrifice at the 12th month
for evaluation of chronic toxicity. The dietary glyphosate
levels wereadjusted weekly to ensure that animals were receliv-
ing the intended dose levels at all times. This study was rated
Klimisch 1 for reliability.

At 1000 mo/kg bw/iday, fermale mean liver weights were
decressed, while males and fermales had statistically significant
reductions in body weight throughout the study, confirming
that the MTD was achieved (Table 8). Neoplasms were noted
in control and treated groups, but dose-responses were not
evident, and no statistically significant increases versus
controls were noted for any tumor type (pfft 0.05). No treat-
ment-related neoplastic lesions were observed at termination,

Table?. Study 2 ~Two-vear feeding study of glyphosate in rats {Monsanto 1880).

Study owner:

Monsanto (1990)

Reliability/Justifoation:
deviations.

Substance:

Species/Strain:

Glyphosate (96 5% pure)
Rat/Sprague-Dawley, groups of 50 /and 50 $(10 rats per sex per dose were

1 Study performed according to GLP and OECD guideline requirements, with no

included for interim sacrifice after 12 months).

Administration route: Diet

Concentration:

0, 2000, 8000, 20 000 ppm diet (7 about 0, 88, 362, 940 mg/kg bwlday; ¥ about 0,

113, 457, 1183 mg/kg bw/day)

Duration:
Findings:

2 years
8000 ppm diet: NO

|

(cHi 9)

20000 ppm dist: c‘;&t&mo‘i@ (), 20%reduced cumulative body weight gain
through months 18 — 20 (9}, 18% incressed liver weight (o). Localesfé:
inflarmmation of gastric mucosa

Select neoplasms: Fancreatic islet cell adenoma, skin keratoscanthoma (males), thyroid C cell
adenoma
Tumor Deose (mg/kg bwiday)
flales 0 89 362 940
Findings for dead and moribund sacrificed animals
Pancreas: Islet call adenoma — B 134 (3%)  4/28 (1d4%)  2/33 (8%) 4732 (13%)
Skin: Keratoacanthoma — 0/36 1731 (3%) 2133 (8%} 132 (%)
Thyroid: C cell adenoma — B 0/36 2129 (T%) 131 (3%) /33 (3%)
Thyroid: C cell carcinoma — M 0/36 128 (3% 2131 (6% 133 (3%
Findings for animals secrificed at termination
Pancreas: Islet call adenoma — B 014 4719 (21%) 317 (8%) 37 (6%)
Skin: Keratoacanthoma ~B 013 29 (119 21T (12%) 217 (12%)
Thyroid: C cell adenoma — E 0/14 2119 (119 ”?/1?541%} 4117 (24%)
Thyroid: C cell carcinoma — M 014 019 o7 o7
Females 0 113 457 1183
Findings for dead and moribund secrificed animals
Pancreas: Islet call adenoma — B 3128 (11%) /28 3133 (9%) 0031
Thyroid: C cell adenoma — B /28 028 1/33 (3%) 2132 (8%
Thyroid: C cell carcinoma — M 0128 0128 1133 (3%) 0132
Findings for animals sacrificed at termination
Pancress: Islet call adenoma — B 2022 (%%)y 122 (5%) 117 (6%) 08
Thyroid: C cell adenoma — B 2022 (%) 2122 (9%) 57 (29%) 4718 (22%)
Thyroid: C cell carcinoma — M 0122 0122 o7 ak

B benign, Mmalignant

" Statistically higher than controls B 0.08, Fisher ‘sFxact Test with the Bonferrond Insquality ).

ED_001592_00010751-00008



This Electronic Copy of Copyrighted Material Was Made and Delivered by Monsanto Company fo the intermational Agency for Research on Cancer

under License from Copyright Clearance Center, Inc. or a Separate License - No Further Reproduction is Permitied.

DO 10.3109/10408444.2014.1003423

Table 8. Study 3 — Two-vear feeding study of glyphosate in rats
(Cheminova 1993a).

Study owner:

Cheminova (1993a)

Reliability/ 1 Study performed according to GLP and OEC
Justification: guideline requirements, with no deviations.
Substance: Glyphosate(98.7 -8 .9%pure)

Species/Strain Rat/Sprague-Dawley, groups of 50 Jand 50 ¢
(additional groups of 35 o and 35 ¥ per dose were
included for 1-vear interim sacrife)

Administration route:Diet

Achieved dose: o F 0,10, 100, 300, 1000 my/kg bw/day
(weekly adjustment of dietary concentration for
the first 13 weeks and 4-weekly thereafter)

Duration: 2 years

Gilyphoseate — Fourteen carcinogenicily sfudies 193

73.9, and 740.6 mo/kg bw/day (Table 9). This
rated Klirnisch 1 for reliability.

Inaddition, one vehicle control with ten rats per sex and one
high dose (10000 por) group with 20 rats per sex were included
for “m@ im sacrifice after ore vear of treatment, 1o study non-
neoplastic histopathological changes. The mean achieved dose
level in the tamt@d g ”C‘M{J} was 764.8 ma/kg bw/day. Obsarva-
tions covered @ signs, body weight, food consumption,
hematology, cli mi mm istry, and urinalysis, as well as organ
weights, necropsy, and histopathological examination.

There were no ‘(rmtm@mmmfm@d deaths or clinical signs in
any of the dose-groups. Moreover, there were no trestment-

study weas

Findings: 300 mg/kg bw/day: NOAEL (offi &)

W{}Q mg/kg bw/day: body weights + | urinary ph
wlxmw glands (histopathology, organ We;ght
Tyevidence Qf Wwakl iver toxicity (alkaline

phosphatase T, $iorgan weight )
No mmplmm from this study were identifed for
further consideration.

related ts on body weight gain or food consumption noted.
This sugoests that the MTD may not have been reached by the
applied dosing regimen.

There was some background variation in m@ incidences of
benign tumors (e.g. reduced tumor inci dwf in low and mid-
dose males, incressed tumor incidence in middose fernales),
which was considered incidental mabmm@ of & dose-response
m‘*la&t'@z‘mﬁ’p {(see data Supplementary Study 4 to be found

cnline at http://informahealthcare.com/doi/abs/10.3109/1040
@M/a,%m.wwm},

The different liver tumors observed in the dead and
rmoribund sacrificed and terminally secrificed rats included
hepatocellular adenoma, intrehepatic bile duct adenomas,
cholangiccarcinoma, hepatoceliular carcinoma, histiocytic
sarcoma, fibrosarcoma, and lymphosarcoma. Among these,
hepatocellular adenomas and carcinomes occurred more fre-
guently, as often observed in aging rats (Thoolen et al. 2010).
tumors appeared to be incidental and not compound-
A Z-year bioassay in the Wistar rat used dietary glyphosate elated, as their frequency of occurrence was not dependent
levels of 0, 100, 1000, and 10 000 ppm (Feinchermie  on dose. Hepatocsliular adenomes and carcin Bre
Schwebda 1996). Groups of 50 rats per sex were fed for  considered select neoplasms (Table 8), based on increased
24 months. The mean achieved dose levels were 0, 7.4, incidence above controls for total animals, albeit non-dose

Select neoplasms:

and no select neoplasms were identified inthis study for further
consideration (see data Supplementary Study 3 to be found
online at http://informahealthcare.com/doi/albs/10.3109/10408
444 201410034233, Glyphosate weas not considered carcino-
genic in male and fermale Sprague Dawley rats following 104
weeks of continuous dietary exposure of up to 1000 ma/ky
bw/day, the limit dose, wh‘ch is consistent with evaluations
by the European Authorities (BEC 2002, Germany Rapporteur
Member State 2018b) and WHOFAO {WHO/%*AO 2004a).

Studyd (Feinchemie Schwebda 1986)

Tebleb. Study 4 ~Two-year feeding study of glyphosate in rats (Feinchemie Schwebda 19986).

Schwebds (1996)

Study owner: Feinchemie

Reliability/Justifoation: 1 Study performed according to GLP and OECD guideline requirements, with no
deviations.

Substance: Glyphosate(96.0 -896 .8%pure)

Species/Strain: Rat/Wistar, groups of 50 Jand 50 ¥

Administration route: Diet

Concentration: 0, 100, 1000, 10 000 ppm diet (7 about 0, 6.3, 59.4, 595 mg/kg bwiday; & about 0,
8.6, 88.5, 886 rmig/kg bw/day)

Duration: 2 years

Findings: 10 000 ppm diet: ~ NOAEL (i %)

Onlymild effects on clinical chemistry (liver enzymes), without histopathological
changes.
Select neoplasms: Hepatocellular adenoma, hepatocellular carcinoma
Tumor Dose (mg/lg bw/day)
flales 0 7.4 739 741
Findings for dead and moribund secrificed animals

Hepatocel lular adenoma — B O30 (3086)  ©/30 (30%)  B/32 (19%)  6/21 (29%)
Hepatocellular carcinoma M 12/30 (40P%) 12730 (40%) 9732 (28%)  5/21 (24%)
Findings for anirmals sacrificed at termination
Hepatocel lular adenoma — B 18120 (T5%) 1320 (68%)  4/16 (28%)  15/20 (75%)
Hepatocellular carcinoma —M 920 (45%y 16720 (80%)  O/16 (56%)  19/20 (66%)
Dose (mg/lg bw/day)
Females O 7.4 739 741
Findings for dead and moribund secrificed animals
Hepatocellular adenoma — B 2126 (8%) 8123 (3%) 3T (18%)  5/29 (17%;)
Hepatocellular carcinoma —M 4726 (15%) 4723 (17%y 2117 (12%)  5/29 (17%)

Findings for animals sacrificed at termination
Hepatocellular adenoma - B

Hepatocellular carcinoma —M

16/24 (67%)
8/24 (25%)

10/25 (40%) 16732 (50%)
11725 (44%)  12/32 (38%)

8/21 (38%)
4121 (19%)

B benign, Mmalignant
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responsive, for adenoma in mid-dose fermales, carcinoma in
low-and high-dose males, and carcinoma in low-and mid-dose
fernales. These Hver neoplasms are considerad in the weight of
evidence evaluation (Tables 20 and 21).

The study report concluded that glyphosate technical acid
was not carcinogenic in Wistar rals following continuous
dietary exposure of up 10 585 and 886 mo/kg bw/day in males
and fernales, respectively, for 24 months, which is consistent
with evaluations by the European Authorities (EC 2002, Ger-
rnany Rapporteur Member State 2015b).

Study5 (Excel 1997)

A Z-year feeding study in the Sprague Dawley rats (Excel
1997 featured dietary concentrations of 0, 3000, 15 000, and
25 000 pom glyphosate technical acid. Groups of 50 rats per
sex were fed for 24 months, and mean dose levels of 0, 150,
780 and 1290 mo/kg bw/day (males) and 0, 210, 1080 and
1740 mo/kg bw/day (fermales) were achieved (Table 10).

In addition, 20 rats/sex/group were | rm%udm for interim
sacrifice at week-52, 1o study non-neoplastic histopathological
changes with a different high-dose level of 30 000 pprm. The
dietary doses correspond to 180, 920 and 1920 mg/kg bw/day
(males) and 240, 1130 and 2540 mg/kg bw/day (females), for
3000, 15 000 and 30 000 pom, respectively. Thus, a limit dose
above 1000 mo/kg bw/day was achieved.

The study report notes that glyphosate technical acid was
not carcinogenic in Sprague Dawley rats following continuous
dietary exposure 1o up to 1280 mo/kg bw/day, and 1740 mg/kg
bw/day for males and fernales, respectively, Tfor 24 months, How-
ever, this study was rated Klimisch 3 for religbility (Germany
Fapporteur Member State 2015b), and therefore, is considered
unreliable for carcinogenicity evaluation based on lower than
expected background tumor incidences (see data Supplemen-
tary Study 510 be found online at http://informehesithcare.comy
doifabs/10.31009/10408444 20141003423}, In addition, the test
substance was not adequately characterized, and several devia-
tions from the OECD Test Guideline 453 wers nofed.

Table10.

Crit Rev Toxicol, 2015; 45(3). 185-208

Study® (Arysta Life Sclences 1997 b)

Acombired chronic toxicity/carcinogenicity study in Sprague
Dawley rats (Arysta Life Sciences 19970 was conducted
betwean December 1284 and December 1986, The rats were
fed 0, 3000, 10 000, and 30 000 ppm glyvphosate for two years
(equivalent to 0, 104, 354 and 1127 molkg bw/day for males
and O, 115, 383 and 1247 mg/kg bw/day for fernales (Table 11).
Thus, a limit dose wes achieved, and the MTD was noted at the
high dose in males and fermales with decreased body weight,
increased cecum weight, distention of the cecum, loose stool
and skin lesions. In agdition, 30 rats/sex/group were included
for interim szcrifice at 26, 52 and 78 weeks, 10 study non-
mﬂ@p m:f; ic histopathological changes. Ohservations cove
clinical signs, body weight, food consumption, hermatology,
olin m; chemistry, and urinalysis, as well as organ weights,
NECIropsy, amd histopathological examination. This study was
rated Kiimisch 1 for reliability.

N@mmmt stically  significant  incresses  versus  controls
(pfit 0.05) were noted for pituitary adenomas, skin keratos-
canthoma in high-dose males, and mammary gland fibroad-
enoma in low and mid-dose famales (Table 11). These neo-
plasms were considerad for the weight of evidence evaluation
(Tables 20 and 21), and the full tumor summary data are
available online (see data Supplementary Study 6 1o
be found online at http//informeahealthcare.com/doi/abs/
10.3108/10408444.2014.1003423). As mentioned under Study
1, pituitary and mammary tumors are commoen spontanaous
neoplasms in aging rats (Johnson and Gad 2008), and skin
keratoacanthoma is noted as one of the most common sponta-
neous benign neoplasms in male Sprague Dawley rats (Chan-
dra et al. 1992). The study report concluded that g ypwwm
was not carcinogenic in Sprague Dawley rats following con-
tinuous dietary exposure to up to 30 000 ppm for 24 months,
corresponding to 1127 mg/kg bw/day and 1247 mg/kg bw/day
for males and females, respectively, which is consistent with
the recent evaluation in Europe under the Annex | Renewal of
glyphosate (Germany Rapporteur Member State 20150).

Study 5 ~Two-year feeding study of glyphosate in rats (Excel 1997).

Study owner:
Religbility/Justifeation: 3

cel (1997)
E

ast substance not characterized and other deviations fro

1t OECD 453, lower then

expected background tumor incidence

Substance:
Species/Strain:
Group were

Administration route: Diet

Glyphosate (no purity reported)
Rat/Sprague-Dawley, groups of 50 <and 80 ¥ additio
included for interim

nal groups of 20 rats per sex and
m sacrifice after 52 weeks

diet (7 about 0, 150, 780, 1290 mg/kg bw/

1-year group: 0, 3000, 15 000, 30 000 ppm diet (7 sbout 0, 180, 920, 1920 mg/ky bw/

Concentration: Z-year group: 0, 3000, 15 000, 25 000 ppm
day; & about 0, 210, 1060, 1740 mg/kg bw/day)
day; & about 0, 240, 1130, 2540 mg/kg bw/day)
Duration: 2 years

Findings: 25000 ppm diet: NOAE
Onlymild toxic effects,
without corn

Select neoplasms:

Lo {offi S
mm as clinical cher
elating histopathological o
NQ neoplasms fmm this study were identifed for further consideration. Low background

nistry of questionable relevance in aged rats,
rgan changes.

tumor incidence indicates low study reliability with no relevant increeses in the

incidence of tumors.

Males

0
Mortality 16/50 (32%})
Females

0
Mortality 19/50 (38%)

Dese (mg/kg bw/day)
150 740.6 1290
17780 (34%) 18/50 (36%) 23/50 (46%)
Dese (mg/kg bwiday )
210 1060 1740

20/50 (40%) 20/50 (40%) 25/50 (50%)
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Tabletl. Study 68 —Two-vear feeding study of glyphosate in rats (Arysta L.
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ife Soiences 1997b).

Study owner: Arysta Life
Religbility/Justifeation: 1 Study pe

Sciences (1997b)
ormed according to GLF ar

Substance: Glyphosate(94.6 -97 6%pure)
Species/Strai Rat/Sprague-Dawley, groups of 50 Jand 50

Adrministrs Diet

Concentration: 0, 3000, 10 000, 30 000 ppm diet (7 about 0, 104, 354, 1127 my/kg bw/day; ¥
Duration: 2 years

Findings: 3000 ppm diet: NOAEL (i “}

10000 pom diet: cecum weight T d
abscess of the skin, body weight +
Select neoplesms:
Tumor
Males
Findings for dead and moribund sacrificed animals (Table 25 - 10)
Pituitary anterior adenoma — B
Skin keratoacanthoma —B
Findings for animals sacrificed at termination (after 104 weelks, Table 25 -8)
Lung adenoma — B
Pituitary anteri cidﬁ“} noma — B
Pituitary adenoma i mgxxrmedmt@ part — B
Skin keratoacar !ti’w B
Tumor
Females
Findings for dead and moribund sacrificed animals
Pituitary anterior adenoma — B
Thyroid follicular adenoma —
WMammary gland fibroadenoma — B
Findings for animals sacrificed at terr
Pituitary anterior adenoma — B
Mammary gland fibroadenoma — B

Tination

nd OECD guideline requirement

$rsatellite groups of 30 Jand 30 Yo

with no deviations.
rinterim investigations

about 0, 115, 383, 1247 mg/lkg bwiday)

tension of cecum, loose stool, follicular hyperkeratosis and/or folliculitis/follicular

Pituitary adenoma, skin keratoacenthoma (males), mammary gland fibroadenoma (fernales)

Dose (mg/kg bwiday)
0 104 354 127
22132 (69%)  21/30 (T0%) “141B2(44%) 18121 (86%)
2132 (6%} 1130 (3% 0132 121 (5%)
018 2720 (10%) 118 (6%) 3/29 (10%:;
13M8 (2% 14420 (T0%) 1318 (72%) 2128 (T2%)
018 1720 (5%) 0118 0129 (0%
118 (6% 2120 (10%) 0M1e BI29 (21%)
Dose (mglkg bwiday)
0 115 343 1247
34735 (B7%)  20/31 (94%) 28133 (82%) 31736 (86%:)
0135 231 (6%) 0/32 /36
1335 (37%)  14/31 (45%) 12134 (35%) 20736 (56%)
12715 (80%)  19/19 (100%) 12016 (75%) 13714 (93%)
105 (B7%)  13/19 (68%) 12/16 (75%) 10714 (T1%)

B benign Mmalignant

" Statistically lower than controls 66 0.05).

Study? (Syngenta 2001)

The sarme rat model that was used in the previously discussed
12-month chronic rat study  (Byngenta 19960 was also
emploved ina Z-year feeding study (Syngenta 2001). A group
of 52 male and 52 fermale Wistar rats received 0, 2000, 6000

20 000 ppm via feed (Table 12). The mean achieved dose
levels were 0, 121, 361 and 1214 mo/kg bw/day for males,
and 0, 145, 437 and 1498 mg/kg bw/day for females. Thus,
a Himit dose wag achieved. In addition, three satellite groups
with 12 rats per sex each were included for interim sacrifice
after 12 months of treatment, to investigate potential non-
neoplastic histopathological changes. Observations covered
clinical signs, body weight, food consumption, hematology,
clinical chemistry, and urinalysis, as well as organ weights,
necropsy, and histopathological examination. This study was
rated Klimisch 1 for reliability.

Treatment-relatedfindings in this study were found in the
liver and kidney, and were confined to animals (predomi-
nantly males) fed 20 000 ppm glyphosate acid. There were
a nurmber of changes in males and females fed 20 000 ppm
glyphosate acid, notably renal papillary necrosis, prostatitis,
periodontal inflammation, urinary acidosis, and hematuria,
wh’ch rmay be attributed to the ma"d"ty of the test substance.

Slight increases in proliferative cholangitis and hepatitis
were noted in males at 20 000 ppm. m sspite the findings at
20 000 ppm, survival was better in males fed 20 000 ppm
than in the controls and lower dose groups. This improved
survival was associated with a decreased wwr’w of renal
glomerular nephropathy and a 5% reduction in body weight
(see data Supplementary Study 7 to be mumd onlineat http://

informahealthcare. comy/doi/abs/10.3100/10408444 2014,
1003423, for neoplastic and non-neoplastic fndings).

Asrnall incresse inthe incidence of hepatocellular adenoma
wes observed in males fed 20 000 ppm glyphosate acid. While
not statistically signifi wmfx using the Fisher's exact test, the
difference was statistically significant for total male rats using
the Peto Test for trend. Mowever, there was no evidence of
pre-neoplastic focl, no evidence of progression to adenocarci-
nomes, and no dose-respo inaddition, the incidence was

within the Eammmw"% historical control range for tumors of
%hﬂyp@ in the liver (Table 12). Therefore, the incressad inci-
dence was considered not to be related 1o treatment, vet these
were considered select neoplesms (Table 12) and evaluated in
context of the complete data set (Tables 20 and 21).

The study report concluded that glyphosate acid wes not
carcinogenic in the Wistar rats following continucus dietary
exposure to up 10 20 000 ppm for 24 months, at 1214 and
1498 mo/kg bw/day inmeles and fermales, respectively, which
is congistent with the WMWW\Q review (WHOFAO 2004a)
and the nt evaluation in Europe under the Annex | Renewal
of glyphosate (Germa "ay Rapporteur Member State 2015b).

Study8 (Nufarm 2009b)

The most recent study in this series of regulatory studies
investigating the polential carcinogenicity of glyphosate in
rats was conducted from Septernber 2005 through March 2008
{(Nufarm 2008b). The study was conducted by feeding dietary
concentrations of 0, 1500, 5000 and 15 000 ppm glyphosate
to groups of 51 Wistar rats per sex. To ensure that a recelved
limit dose of 1000 mg/kg bw/day overall was achieved, the

highest dose level was progressively increased to 24 000 ppm.
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Table12. Study 7 —Two-year feeding study of glyphosate in rats (Syngenta 2001).

Study owner: Syngenta (2001)

Reliability/Justifoation 1 Study performed according to GLP and OECD guideline requirements, with no deviations.

Substance: Glyphosate (97 6% F)UM&)

Species/Strain Rat/\Wistar AI{M AP, 8D, groups of 52 o and 52 ¥ (additional 12 animals per sex and dose for
1-year interim %aa, m—“«}

Administration route: Diet

Concentration: 0, 2000, 8000, 20 000 ppm diet (7 about 0, 121, 361, 1214 mg/ky bwiday; ¥ about 0, 145, 437,
1498 mgllkg bwiday)

Duration: 2 years

Findings: 8000 ppm diet: NOAEL (oHi %)

20000 ppm diet: Kidney and liver findings. Increased survival due to reduction in CPN,
prostatitis, periodontal inflammation

Select neoplasms: Hepatocellular adenoma (males), not a statistically signifeant increase for the high dose using
the Fisher ‘sexact test, but statistically significant using Peto trend analysis
Dese (mg/kg bwiday)
flales 0 121 361 1214
Liver
Hepatocyte fat vacuolation 6 7 11 11
Hepatitis 3 4 2 5
Kidney
Deose (mg/kg bw/day)
Females 0 145 437 1498
Liver
Hepatocyte fat vacuolation 7 5 6 6
Hepatitis 6 5 4 4
Turmors: Dose (mg/kg bwiday)
flales 0 121 361 1214
Fi mmgﬁs for dead and moribund sacrificed animals
Hepﬁ‘m(ﬁ[lu[@mﬁmmﬁ g —F 037 2136 (68%) 0735 3126 (12%)
Hepatocel lular carcinoma 0137 0136 0135 /26
Findings for animals sacrificed at termination
wHemtfml{m@rcﬁﬁemmm ~B 0/16 T 018 2126 (8%)
Hepatocel lular carcinoma —M 0/16 o7 ak /26

B benign Mmalignant
HistoricalControl Range: 0 —11.5%total males with hepatocellular adenorma, 26 studies, 1984 -2003

Mean dose levels of 86/105, 285/349, and 1077/1382 mg adipose infiltration of the bone marrow | "r* ngh-dose males
glyphosate/kg  bw/day  (males/fermales)  were  achieved compared m controls, suguestive of myeloidhypoplasia, which
(Table 13). This study was rated Klimisch 1 for reliability. rray be considerad a stress response (ﬁvwdm, al.2013).
Non-neoplastic i ndings inc udw transient liver enzyme Skin keratoscanthoma in males and mammary  gland
activity for mid-dose males and high-dose males and females, adenocarcinoma  in females (Table 13) were considered
«ma equivocal nephrocalcinosis dc@p@w ons at the high-dose. for evaluation in the context of the weight of evidence for
Histopathology noted a statistically signifi cant incresse in rat tumor incidence (Tables 20 and 21), wherein dose-

Table13. Study 8 ~Two-vear feeding study of glyphosate in rats (Nufarm 2000b).

Study owner: Nufarm (2009a)

Reliability/Justifeation: 1 Study performed according to GLP and OECD guideline requirements, with no deviations
Substance: Glyphosate (95.7% pure)

Species/Strain: RatMWistar, groups of 51 Jand 51 ¥

Administration route: Diet

Concentration: 0, 3000, 10 000, 15 000 ppm diet, the top dose was progressively incressed to reach 24 000 ppm diet by Weel-40 ¢
about 0, 84, 285, 1077 mg/kg bwiday; & about 0, 105, 348, 1382 mg/kg bw/day)

Duration: 2 years

Findings: 107711382malkg bw/day: NOAEL (V%)

Transient liver enzyme activity for m id-dose males and high-dose males and females; equivocal nephrocalcinosis
depositions at the high-dose males and females; incressed adipose infliration of the bone marrow in high-dose males

Select neoplasms: Skin keratoacanthorma (males), mammary gland adenocarcinoma

Tumor Dose (mg/kg bwiday)

flales 0 84 285 1077

Findings for all animals

Skin keratoacanthoma & 2151 (4% 3151 (6% /51 B/51 (12%)
Dose (mg/kg bwiday)

Females 0 105 349 1382

Findings for all animals

Marmmary gland adenccarcinoma —M 2151 (4%) 3151 (6% 15 (2%) B/51 (12%)

B benign, Mmalignant

ED_001592_00010751-00012



This Electronic Copy of Copyrighted Material Was Made and Delivered by Monsanto Company fo the intermational Agency for Research on Cancer

under License from Copyright Clearance Center, Inc. or a Separate License - No Further Reproduction is Permitied.

DO 10.3109/10408444.2014.1003423

responses were not evident. Tumor incidence summary data
have been tabulated (see data Supplermentary Study 8 0 be
foundonline at http://informaheaithcare.com/doi/abs/10.3108/
10408444 2014.1003423). Microscopic evaluation of tissues
did not reveal any indications of neoplastic lesions caused
by glyphosate treatment. The %‘mdy r@p@m concluded that
9 lyphosate acid was not carcinogenic in Wistar rats follow-
ing continuous dietary exposure to u;:) to 24 000 popm for 24
months, at 1077 and 1382 mo/kg bw/day inmales and fermales,
respectively, which is consistent with the recent evaluation in
surope under the Annex | Renewal of glyphosate (Gerrmany
Rapporteur Member State 2015b).

Study® Publication (Chruscielska et al.2000a)

A two-year combined chronic toxicity and carcinogenicity
study in Wistar rats was published by academic researchers
frorm Warsaw, Poland. The study was conducted as a drinking-
water study in Wistar-R1Z rats according to QECD TG 453,
The test material was a 13.85% agueous formulation of gly-
g}h@w@ as its ammonium salt (equivalent 1o 12.6% glyphosate
acidy. HMowever, the ammonium salt of glyphosate tested is not
commercially available, and the concentration of active ingre-
dient suggests that a glyphosate-formulated product was tested;
this is supported by a concurrent genotoxicity publication by
the same lead author (Chruscielska et al. 2000b), previ OUSW
reviewed by Kier and Kirkland (Kier and Kirkland 2013), ir

which a g ypmsmt@ formulation, Ferzooyd, was tested. M‘f”
ciencies noted with respect to OECD TG 453 include insuf-
ficient dosing to elicit toxic effects, inadequate test meterial
characterization, no reporting of water/feed consurmption,
body weights and diet compaosition, and no individual animal
data. Although the manuscript reporting deficiencies may
have been included in the study, they were not reported in the
manuscript, and could warrant a Kiimisch reliability score of
4 {not asssignable), but the low du% employed in this study
justify a Klimisch reliability score of 3.

The test rmm al was administered in water &t glyphosate
salt concentrations of 0, 300, 900, and 2700 mgz‘l_ Each dose
group consisted of 85 animals per sex. Ten animals per sex and
dose were secrificed after 6, 12, and 18 months Of exposure, for
evaluation of gereral toxicity. The remaining 55 animals per sex
and dose were scheduled for secrifice after 2 vears of exposure.

Waterconsumption was claimed to havebeen messured, but

these data have not been reported. To estimate the glyphosate
doses received via drinking water, the assumed default water
corsumptions were 50 and 57 mlL/kg bw/day by male and
fernale rats, respectively (Gold et al. 1984). Using these stan-
dard figures and the gl yp m%am content of the tested formula-
on (12.6%), dally doses areestimated 8t 0, 1.9, 5.7, and 17 mg
of glyphosate/kg bw/day for m@f@@ and 0, 2.2, 6.5, and 19 mg
of glvphosate/kg bw/day for females. As this study appears 1o
have tested a formulated product, data were not included in the
weight of evidence review (Tables 20 and 21), but given the
very low glyphosate doses and reported low tumor incidence,
these were of no conseguence to the overall data review.

Exposure to glyphosate ammoenium salt had no effect on
body weight, appearance and behavior, and hematol ng
parameters, which s consistent with glyphosate chronic
toxicity data regulatory reviews. Even though the ‘
be a trend towards higher Z-vear mortality in treab

Giyphosate — Fourleen carcinogenicity studies 197

(Table 14, this difference had no statistical significance
according to the authors. There were sporadic alterations of
clinical-chemical and urinalysis parameters, but not in a con-
istent fashion over time and without dose-depencence. These
siterations were not interpreted as treatment-related. Therewas
no effect of glyphosate on the incidence of neoplastic lesions
{Table 14 s, the NOAEL for chronic toxicity and carci-
nogenicity in this study was greater than or equal to 17 and 19
g glyphosate/kg bw/day, in males and fermales, respectively.

Due to the lack of systemic effects in the highest dose
group, the MTD was not reached by this study. Judging
from other rat studies reviewed here, the MTD is likely to
be greater than 1000 mg/kg bw/day. Thus, the top glyphosate
dose of an estimated 19 mg/kg bw/day in this study is too low
to satisfy regulatory validity criteria for a carcinogenicity
stucly.

Mousecarcinogenicity

There are a total of five carcinogenicity studies with
glyphosate in mice, that have been submitled to support
glyphosate Annex | renewal in the Buropean Union. All but
the oldest study (Study 10} were considered reliable without
restriction, and were performed under conditions of GLP fol-
lowing OECD TGs. Most studies were conducted in the CD-1
strain. Bach study was sponsored by a different manufacturer,
In each case, technical grade glyphosate was administered
via diet for at least 18 months. Select neoplasms, mostly
lyrmphoreticular, !Evu and lung, are summarized for all
mouse chronic studies in Tables 22 and 23, Thes wmp asms
are widely recognized as ococurring sportaneousty in aging

mice (Gad et al. ’“’OO&% Son and Gopinath 2004, Lys’mmm
mias have been recognized for many years as ong of the most
commen, if not the most common category of spontaneous
neoplastic lesions in aging mice (Brayton et al. 2012, Gad
et al. 2008, Son and Gopinath 2004). The subclassification
of malignant ymg}mm% is not a typical diagnostic feature in
rodent studies, likely due to either expense and/or feasibility.
It is, however, important 10 recognize that lymphomas are
not a single type of neoplasm, rather they are a grouping
of different neoplasms arising from different pathogeneses,
anet should be considered as ditferent diseases (Bradley et al.
20123, As s the case for NHL in humans, these different
immune system neoplasms are clustered together based on
rmanifestation in lymphocoyies, despite thelr very different

iologies; for example, the most common subset of NHL
lymphomas clustered together as “diffuse large B cell lym-
g}h@mﬁ;” have for many vears been considered multiple
clinical-pathologic entities (Armitage 1897), and therefore
may be considered attributable to different modes of action.
Chronic endpoints and NOAEL values are captured in each
study summary table; however, the following study reviews
focus on carcinogenicity

Study10 (Monsanto 1983)

Thefirst chronic-carcinogenicity mouse study with glyphosate
was conducted between March 1980 and March 1882
(Monsanto 1983), prior to the institution of GLIP (Table15)
The study design was essentially in compliance with OECD
Ttz 451 for carcinogenicity studies, adopled in 1981, when
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Table 14. Publication, Study 9 — Two-vear drinking water study in rats with 13.85% glyphosate ammonium salt (Chruscielskied 2000a).

Authors:
Reliagbility/Justifeation:
deficiencies:

Chruscielska et al. (2000a)
3 Study not performed according to GLP, but according to OECD TG 453, with the following

Reportingdefi cits (water and feed consumption, body weights, diet composition, individual

anirmal ds

%, substance composition, purity, end stability)

Highestdose did not elicit toxicity.

Substance:
Species/Strain:

Ammonium salt of glyphosate, 13.85% solution .
Rat/istar -RIZ outbred, 85 ~and 85 Yper dose group, 10 Jend 10 Yeachwere sacrificed after

6,12, and 18 months of exposure.

Administration route: Drinking water

Fstimated glyphosate intake: o1 0, 1.9, 5.7, and 17 mo/kg bw/day. %1 0,2.2, 8.5, and 19 mg/ky

bwiday, based on assumed water consumptions of BO/ST mL/kg bw/dey (715, (Gold, et al,

Concentration: 0, 300, 800, and 2700 mg/L
1984
Duration: 2 years

Findings:

17119 mg glyphosate/kg bw/day: NO

L (519)

Notreatment-related eff ects

Tumors reported for 85 rate/sex/dose:

0
Two-year mortality 42%
Lungs
Lymphoma Z
Histiocytoma -
Adenocarcinoma 1
Histiocytomamalignant -
Spleen leukemia 0
Kidneys Fibrous histiccytoma -
Pituitary gland
Adenoma 4
Adenoma, malignant (essumed o be carcinoma) 0
Carcinoma
Thyroid
Adenoma 1
Carcinoma 0
Uterus cervix carcinoma -
Uterus,body, histiocytoma -
Marmmary gland
Fibroma -
Fibroadenoma -
Adrenal medulla, adenoma 1
Thymus, lymphoma 0
Testis, Levdigoma -
Subcutaneous tissue
Fibroma 0
Lipoma -
Cystadenoma -
Lymph nodes
Lymphoma 0
Lymphomamalignant -
Skincarcinoma 2
Prostate adenoma 1

No incresse in the incidence of tumors attributable to glyphosate administration

~stimated dose (mglkg bwiday)

1922 57065 e
38%  42%  45%  54%  53%  44% 60%
- 2 - 1 - 3 1
- - - - - - 1
1 - - 1 - - -
- 2 - 0 - 1 -
e e e e e ”E e
10 4 6 2 8 0 3
1 0 3 1 2 1 5
- 0 - 1 - 0 -
1 1 2 0 0 3 3
- 1 - 0 - 0 -
0 - 0 - 0 - 1
3 - 1 - 0 - 1
0 - 0 - 0 - 0
3 - 2 - 3 - 3
2 2 2 1 2 0 2

0 0 1
3 6 1
1 1 3
- - - - - - 1
”E e e e e e e
0 0 1
”E e e e e e e

the study was already ongoing. Groups of 50 male and fermale
CD-1 mice received glyphosate at dietary levels of 1000,
5000, and 30 000 ppr, over a period of nearly two years. The
mesn achieved doses were 1857/190, 814/955, and 4841/5874
mg/kg bw/day in males and fermales, respectively, exceeding
the limit dose. Based on this study predating both GLP and
OECD TG 451, a religbility score of Klimisch 2 has
assigned.

In addition to post-mortern pathological examinations
after terminal sacrifice, hematological investigations were
performed on 10 mice per sex and dose at months 12 and 18,
and on 12 male animals/group, as well as all surviving females
at scheduled termination.

Two non-reoplastic histological changes affecting the liver
and urinary bladder were assumed o be treatment-related.
There was a higher incidence of centriichular hepatocyte

e

hypertrophy in high-dose rmales, and a more frequent ocour-
rence of slight-to-mild bladder epithelial hyperplasia in the
rnid and high dose; however, a clear dose-response was lack-
ing. Tumor incidences, which did not significantly incresse
with dose, were mostly bronchiolar-alveolar, hepatoceliular,
or lymphoreticular, all of which are commonly noted spon-
taneousty occurring tumors in aging mice (Teble 15). Lym-
phoreticular tumors combined for males and females totaled
7,12, 10 and 12 for control, low, mid- and high-dose groups
respectively, and were not considerad as being related 1o fest
substance.

A more frequent ocourrence of slight-to-mild  bladder
epithelial hyperplesia was observed in the mid and high-dose
groups; however, clear dose-response was lacking (Table 15)
and no urinary bladder neoplasms were noted at these doses
(see data Supplementary Study 10 1o be found online at hittp://
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Table1s. Study 10 ~Two-vear feeding study with glyphosate in mice (Monsanto 1983).

Study owner:
Reliability/Justifcation
Substance:
Species/Strain:
Administration route:
Concentration:

fMornsanto (1983)

Glyphosate (99.7% pure)
Diet

mg/kg bw/day)
Duration: 24 months

Findings:

2 Study was performed prior to institution of GLP and OECD guideline requirements
Mouss/CD-1, groups of 50 & and 50 ¢

0, 1000, 5000, 10 000 ppm diet {7 about 0, 157, 814, 4841 my/kg bw/day; ¥ about 0, 190, 955, 5874

1000 ppm diet: NOAEL (7 )

5000 ppm diet: body weight |, histological changes in liver and urinary bladder (slight to mild

epithelial hyperplasia in males at mid and high doses)

Select neoplasms:

Wales
Lymphoreticularsystem
Lymphoblastic lymphosarcomea with leukemia —M
Lymphoblestic lymphosarcoma without leukemia —M
Composite lymphosarcoma —M
Histiocytic sarcoma — M
Taotal lymphoreticular neoplasms®

Females

Lymphoreticular systerm
Lymphoblestic lymphosarcoma with leukemia —M
Lymphoblastic lymphosarcoma without leukemia —M
Compoesite lymphosarcoma —M
Histiocytic sarcoma — M
# Total lymphoreticular neoplasms

Lyriphoreticular neoplasms, bronchiolar-alveclaradenccarcinoma

Dose (mg/lg bwiday)
814

0 157 4844
148 (2% 4149 (8% 350 (6%) 2749 (4%}
0/48 149 (2%) 050 (0% 0/49
148 (2%) 0149 150 (2%) /48
048 149 (2%) 050 /49
2148 (4% 649 (12%) 4150 (8%) 2149 (4%}

Dose (mg/lg bw/day)

0 190 955 5873
150 (2%) 4148 (8%} 5149 (10%) 149 (2%
0/50 (0%} 148 (2%) 0/489 (0% 349 (6%
4750 (8%) 148 (29 1749 (2%) B/49 (12%)
050 (0%) 0/48 (0%} 07489 (0% 07489 (0%;
550 (10%y 6748 (13%) 649 (12%) 10149 (20%)

# e
Mmalignent

informaheal theare.cormv/doi/abs/10.3108/10408444.2014.100
3423). Benign renal tubule adenomeas were noted in mid- and
high-dose males at incidences of 1/50 and 3/80 respectively.
These neoplasms were not observed in females, lacked statisti-
cal significance, and were considered spontaneous and unre-
lated to glyphosate administration by the study pathologists;
this neoplasm, while not seen in the concurrent control group,
had previously been noted in control male CD-1 mice of com-
parable age by the author of the study. As anadditional measure
of diligence, a Pathology Working Group wes convened, and it
conciuded that the absence of any pre-neoplastic Kidney lesion
inall male animals provided sufficient evidence that this find-
ing wes spurious and not related to glyphosate administration.
This is reflected in the US EPA review of glyphosate (US EFA
19933, This neoplasm was not observed in the other four mouse
carcinogenicity studies discussed.

Theauthor of the study also reported a trend towards a non-
statistically significant increased occurrence of lymphore-
ticular neoplasia in treated female mice (Table 15). However,
these consisted of three different categories of lymphoreticu-
lar neoplasms. Regulatory reviews confirmed that there is no
apparent dose-dependence for these endpoints (EC 2002, US
ERACT993, WHOFRAO 20048). Summary tables of incidence
of rneoplastic findings are available (see data Supplermentary
Study 10 1o be found online at http://informeheslthcare.cormy/
doifabs/10.3108/10408444.2014.1003423).

Glyphosate was reported as not carcinogenic in CD-1 mice
up to doses well inexcess of the Himit dose for carcinogenicity
testing, which is consistent with evaluations by the US ERA
(US EFA 1993), European Commission (EC 2002), recent
=L Annex | Renewal evaluation by the Rapporteur (Germany
Rapporteur Member State 2015b), and WHO/MFAD (WHOY/
FACROO4a).

Surmof lvmphoblastic lymphosarcorma, composite lymphosarcoma, and histiooytic sarcoma.

Studyt1 (Cheminova 19930}

Ancther carcinogenicity bioessay in mice was conducted
between Decermber 1889 and December 1991 (Table 16)
(Cheminova 1993b). In this assay, 50 male and 50 fermale
CI-1 mice per dose group recetved glyphosate via their diet
over a period of approximately two vears. This treatment
period is 6 months longer then the 18 months stipulated for
mice by OECD TG 451 (1981 version). The dietary levels
were adiusted regularly to achieve constant dose levels of 0,
100, 300 and 1000 mo/kg bw/day, achieving the Timit dose.
This study was rated Klimisch 1 for reliability.

Slight non-statistically significant incresses in bronchio-
lar-alveolar adenomas were noted for all male dose groups
above controls in a non-dose-responsive manner. Bronchi-
olar-alveolar neoplasms are evaluated in the context of the
full data set (Tables 22 and 23), demonstrating a lack of
dose-response across doses ranging from approximately 15
mig/kg bw/day to 5000 mg/kg bw/day. Although the number
of pituitary adenomas were low and considered incidental,
they were conservatively included in the select neoplasms,
based on being slightly higher in high dose females than
concurrent controls (Table 16). The data summary of all
histological findings, including tumor incidence, is avail-
e (see data Supplementary Study 11 1o be found online
at http://informahealthcare.com/doi/abs/10.3109/10408444.
2014.1003423).

Therewere no statistically signiftant increases inthe ocour-
rence of any tumor type in this study. The observed variations
did not show & dose relationship, and were within the range of
historical control data. Glyphosate was determined t© be not
carcinogenic to CD-1 mice at up to 1000 mg/kg bw/day, which
is consistent with evaluations by the European Commission
(EC 2002) and WHOFAQ (WHOFAO 2004a).
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Table16.

Crit Rev Toxicol, 2015; 45(3). 185-208

Study 11 ~Two-year feeding study with glyphosate in mice (Cheminova 1993b).

Study owner:
Reliability/Justifeation:

Cheminova (1993b)

Substance: Glyphosate (98.6% pure)
Species/Stra Mouse/CD-1, groups of 50
Admini ¢tmt ion mu’{e: Diet
Concentration: i

concentration)
Duration: 24 months

Findings:
notreatment-related eff ects

Select neoplasms: Bronchiolar-alveolar adeno
(fermales)

Males
Bronchioler-alveolar adenoma — B
Bronchiolar-alveolar carcinoma — M

Females
Bronchiolar-alveolar adenoma — B
Bronchiolar-alveolar carcinoma — M

Pituitary adenoma — B

1 Study performed according to GLP and OECD guideline requir

§10, 100, 300, 1000 mgikg bwiday (regular

rra, bronchiolara

ements

o and B0 ¥

adjustment of dietary

1000mgikg bw/day: NOAEL (i &)

Iveolar carcinoma, pituitary adenoma

Dose (mglkg bw/day)

0 10 300 1000
950 (18%) 15/50 (30%) 11/50 (22%) 13/50 (26%)
1080 (200 T/B0 (14%)  8/50 (16%)  9/50 (18%)

Dose (mg/kg bwiday)

0 100 300 1000
750 (14%)  3/50 (B8%) /B0 (68%)  6/50 (12%)
350 (6%)y 280 4%y VB0 (2%)  5/50 (10%)
a4 (2% 0132 023 3143 (6%}

B benign Mmalignant

Study12 (Arysta Life Sciences 1897 a)

An 18-month feeding study in ICR-CI-1 mice, conducted
between February 19% and September “ﬁ%@ investigated
higher doses by admixing 1600, 8000, or 40 000 ppm gly-
phosate into the diet fed to groups of 50 male and 50 female
rmice per dose (Arysta Life Sciences 1997a). The calculated
test substance intake was 165/153, 838/787, and 4348/4116
rmg/ka bw/day (males/fernales, Table 17), exceeding the limit
dose. This study was rated Klimisch 1 for reliability.
Histopathological examinations did not show statistically
significant increases for any type of neoplastic lesion in all
treatrnent groups of both sexes (see data Supplementary
Study 12 to be found online at http://informahealthcare.cormy/
doi/abs/10.3100/10408444.2014.1003423).  Select  neo-
plasms evaluated across the data set with some non-

Table 17.

Study 12 — Two-year feeding study with glyphosate in mice (Arysta L

statistically significant incresses above concurrent controls
included lymphorma and lung tumors, all of which lacked
a clear dm@ response. Gilyphosate was considered not car-
cinogenic in CD-1 mice up to doses well in excess of the
limit dos:x; for carcinogenic W testing, which is consistent

with the recent evaluation in BEurope under the Annex |
Renewal of glyphosate (Germany Rapporteur  Member
State 2015b).

Stuchy13 (Feinchemie Schwebda 2001)

An 18-month feeding study in Swiss albino mice (Feinchemie
Schwebhda 2001), conducted between Decernber 1997 and June
1999, featured treatment groups, each with 50 animals per sex,
receiving 100, 1000, and 10 000 ppmitechnical gradeglyphosate

ife Sciences 1997a).

Study owner:
Reliability/
Justification:
Substance:
Species/Stre
Adrministrati

Arysta Life Sciences (1997b)

deviations.
Glyphosate(84 .6 -07 6%pure)
Mouss/CD-1, groups of 50 o and

Diet
Concentration: 0, 1600, 8000, or 40 000 ppm diet
153, 787, 4116 mglkg bw/iday)
Duration: 18 months
Findings: 8000/1600 ppm dist: NOAEL (7%

8000ppm diet (¥
40000 pprm diet: pale-color

tarded gr mwt?
red skin

1 Study performed according to GL

P and OECD guideline requirements, with no

50 ¥

(7" about 0, 165, 838, 4348 mg/kg bw/day; ¥ about 0,

)

7 looss stool, retarded growth, reduced food

consumption and food effi @my., cecum distension and increased absolute and
relative cecum weight, without histopathological findings of increased incidence of

anal pr 1apw consistent with histopathological erosionfulcer of the anus
Select neoplasms: L.ung adenorma, lung adenccarcinoma, lymphoma
Dose (mg/ky bw/day)
flales 0 165 838 4348
Lung adenoma — B 850 (16%) 1450 (28%)  13/50 (26%) 1150 (11%)
Lung adenocarcinoma — M 1/50 (2%) 1750 (2%) 6/50 (12%) 4750 (8%
Lymphoma —M 2150 (4%} 2150 (4% 0/50 B/50 (12%)
Dose (mg/kg bw/day)
Females 0 153 787 4116
L mg adenoma — B 850 (16%) 550 (10%)  12/50 (24%) 550 (10%)
L.ung adenocarcinoma — M 1750 (2%) 2150 (4%) 350 (6%:) 1750 (2%
Lymphoma —M BE0 (12%) 4780 (8% 850 (16%;) 7150 (14%)

B benign, Mmalignant
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Tablet8. Study 13 ~18-Monthfeeding study with glyphosate in mice (Feinchemie Schwebda 2001).

F Schwebda (2001)
2 Study performed according to GLP and OECD guideline requirements, with no deviations, but possible viral
infection may have confounded interpretation of results

Study owner: nchemie

Reliability/Justifcation

Substance: Glyphosate (* 95%pure)
Species/Strain Mouse/Swiss albino, groups of 50 & and 80 ¥
Administration route: Diet
Concentration: 0, 100, 1000, 10 000 ppm diet (7 about 0, 14.5, 150, 1454 mg/kg bw/day; & about 0, 15.0, 151, 1467 mg/kg bw/day)
Duration: 18 months
Findings: 1000 ppm diet: NOAEL (o %)
10 000 ppm diet (#1 2)incressed mortality
Select neoplasms: Bronchiolar/alveolaradenoma, lymphoma

Historical controls Dose (mo/kg bwiday)
0 14.5 150 1454
MMales

Mortality 594/80-27/50

Findings for dead and moribund sacrificed animals

M22/50 (6) 20050 (6} 22/50 (8} 27750 (8}

This Electronic Copy of Copyrighted Material Was Made and Delivered by Monsanto Company fo the intermational Agency for Research on Cancer
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L.ymphoma M RIS 26.7%[0 —44] 922(41 0%} 0B00O%)  T1B/22(59.0%) 13127 (48.0%)
Findings in animals sacrificed at termination
Lymphoma — M 261175 14.9% [6 - 24] 1/28 (3.6%) 3/30 (10.0%) 28 (107%)  "6/23(26.1%)
Total animals
Lymphoma — M 46/250 18.4% [6 - 30] 10/50 (20.0%) 15/50 (30.0%) 18/50 (32.0%)  "19/50(38.0%)
Historical controls Dose (mg/kyg Jw/ddy)
0 15.0 51 1467
Fermales
Mortality 12/50 - 20/50 16/50 (7} 16/50 (7} 20150 (2} 20/50 (3}
Findings for dead and moribund sacrificed animals
Bronchiolar/alveolar @ @ 016 0ie 1720 (5%) 2720 (10%)
adenoma -3
Lymphoma — M 49777 63.6% {0 —-100] 916 (56.0%; 1016 (63.0%) 13/20 65.0%)  12/20 (60.0%)
Findings i ﬁamm@al crifiosd
at terminatio
Bronchio lawalwul radenoma 134 (3%) /o 11 (100%) 1730 (3%)
B
Lymphoma — M 501175 28.9% [2043) 9134 (26 5% 10/30 (29.4%) B30 (20.0%)  "13/28(43.3%)
Total animals
Bronchiolar/alveolar adenoma 1/50 (2%) 016 2124 (109%) 3180 (6%)
Lymphoma — M 99/250 39.6% [1458] 18/50 (36.0%) 20150 (40.0%) 19/50 (38.0%)  "2B/50(50.0%)

B benign, Mmalignant.

§ Ninestudies, performed by the same laboratory in the timeframe encompassing the study summarized here.

f (Numberof animals killed in extremis).
‘;7 Fivestudies, conducted in the same laboratory between 1906 and 1909,
Statistically higher than concurrent controls pHl 0.05).

in the diet. Control mice received a plain diet. The calculated
test substance intake was 14.5/15.0, 1801151, 1454/1467 mg/
kg bw/day (malesfemales, Table 18), exceeding the limit dose,
as reflected inelevated mortality in the high dose groups. This
study was rated Klimisch 2 for relisbility, hased on speculation
of a viral infection within the colony, discussed below.
Basedon the slightly higher mortality and lower survival rates
in the high dose groups, the NOAEL wes considersd 1000 ppm
MM mg/kg bwiday). There were no trestment-related effects on
clinical signs, behavior, eves, body weight, body weight ga
‘?md consumption, and differential white blood cell counts |
both sexes. Gross pathology, organ weight data, and nemmm@u
logical examination demorstrated no treatrment-related effects.
Arincresse in the number of malignant lymphomeas, the most
cormmon spontaneousty occurring tumor category in the mouse,
was statistically significant in the high-dose groups compared
to controls (Teble 18). The Germany Rapporteur Mermber State
concluded that the malignant lvmphorma increase in high-cose
males was inconciusive but unrelated 1o trestrment in the context
of similar higher dosed studies (Germany Rapporteur Mermber
State 2015h), and considered this endpoint irrelevant to carci-
nogenic risk in humans (Germany Rapporteur Member Stale

20158y, Whether or not a viral component (Taddesse-Heath
et al. 2000) may have contributed 1o this endpoint, the finding
was considered incidental background variation besed on histori-
cal control data, and in agreement with the study director. As in
Wudy 11, bronchiolar-alveolar adenoma was also considersd a
select neoplasm Tor evaluation in the broader data set (Tables 22
and 23), end as previously discussed, demonstrates a lack of dose-
resporse across doses ranging from approximately 15 mo/kg bw/
day to 5000 mo/kg bw/day. Summary tebles of all histopatho-
logical reoplastic findings are available (see data Supplermentary
Studly 13 1o be found online at http:/inforrmahealthcare.cormvdoi/
ahs/10.3100/10408444. 2014, 1003423).

Technicalgrade glyphosate wes reported as not carcinogenic
in Swiss albino mice, following continuous dietary exposure
of up to 1480 mg/kg bw/day (average for both sexes) for
18 months. The NOAEL for general chronic toxicity was
151 mg/kg bw/day for both sexes combined.

Study14 (Nufarm 2009a)

The most recent mouse carcinogenicity assay was conducted
between October 2005 and November 2007 (Nufarm 2009a).
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Crit Rev Toxicol, 2015; 45(3). 185-208

Table19. Study 14 —18-Monthfeeding study with glyphesate in mice (Nufarm 2009a).

Study owner:
Reliability/ustifeation:
Substance:
Species/Strain:
Administration route:
Concentration:

Nufarm (2009b}

Diet

1 Study performed according to GLP and OECD guideline requirements, with no deviations
Glyphosate(84.6 -97 6%pure) ;
mouse/CD-1, groups of 51 & and 51 §

0, 500, 1500, and 5000 ppm diet (« about 0, 0, 71.4, 234, 810 mg/kg bw/day; ¥ sbout 0, 97.9,

300, 1081 mglkg bw/day)

Duration: 18 months

Findings:

5000ppm diet: NOAEL (579)

Notrestment-related eff ects

Select neoplasms:

Bronchiclar-alveolar adenoma, Bronchiolar-alveolar adenocarcinoma, hepatocellular adenoma

(males), hepatocellular carcinoma (males), lymphoma, pituitary adenoma (females)

WMales 0
Bronchiolar-alveolar adenoma — B 9/51 (18%)
Bronchiolar-alveolar adenocarcinoma — M 5751 (10%)
Hepatocellular adenoma — B 181 (2%)
Hepatocellular carcinoma —M 6/51 (12%)
Lymphoma - 051

Females 0
Bronchiolar-alveolar adenoma — B 2157 (4%
Bronchiolar-alveolar adenocarcinoma — M 5751 (10%)
Lymphoma —M 11751 (22%)
Pituitary adenoma — B 051

Dose (mg/kg bwiday)
157 é14
751 (14%) 9/51 (18%)
5/51 (10%) 7151 (14%)
151 (2%) 451 (8%)
1151 (22%) TI51 (14%;)
150 (2% 2/51 (4%
Dose (mg/kg bwiday)
160

4841
4151 (8%)
11/51 (22%)
2/51 (4%)
4/51 (8%)
5/51 (10%)

955 5873
2/51 (4%) 2/51 (4%)
2/51 (4%) 3/51 (6%)

10/51 (20%) 11751 (22%)
0/51 2/51 (4%)

4/51 (8%)
2/51 (4%)
8/51 (16)
1/50 (2%)

B benign, Mmalignant

Ciroups of 51 CD-1 mice per sex received daily dietary doses
of 0, 500, 1500, and 5000 ppm technical grade glyphosate
(equivalent to an average intake of 85, 267 and 846 mo/kg
bw/day, Table 19). The MTD was apparently not reached in
the high-dose group, which is more indicative of low general
toxicity of the test substance rather than a flaw in the study
design. The NOAEL for chronic toxicity was 810 mg/kg bw/
day for male mice and 10871 mg/kg bw/day for fermale mice,
the highest dosage tested. Despite not quite achieving a limit
dose in males, this study was arguably rated Klimisch 1 for
reliability.

Several Increases In comimon spontaneous mouse neo-
plasms inmale mice were noted. Non-dose-response increases
were noted for hepatoceliular adenoma and carcinoma in
rmales, and dose-responses were noted for bronchiolar-alveolar
adenocarcinoma end malignant vmphoma in males, but not
females. Pituitary adenoma incidences were low, and considered
incidental in low and high-dose females, although they were
slightly higher than controls (s 19, These neoplasms
were all evalusted in context of the broader data set (Tables
22 and 23). The summary of neoplastic findings is avail-
able (see data Supplementary Study 14 1o be found online at
hitp://informahealthcare.com/doi/abse/10.3108/10408444.
2014.1003423).

Glyphosate was considered not carcinogenic in the CD-1
mice, following continuous average dietary exposure for
males and females, to quantities up to 8456 mg/kg bw/day for
18 months, which is consistent with the recent evaluation in
rope under the Annex | Renewal of glyphosate (Germany
“apporteur Member State 2015b).

Discussion

Arn extraordinarily large volume of animal data hes been
compiled to evaluate the carcinogenic potential of glyphosate.

The expected normal biclogical variability for spontaneous
tumor formation is reflected across this extensive data sel
(Tables 20-23). Mowever, no specific neoplasm stands out
as a consequence of glyphosate exposures. While some indi-
vidual studies may note an incresse in a specific neoplasm at
the high dose, the pooled data fail 1o identify any consistent
pattern of neoplasm formation, demonstrating that the effect
is not reproducible and not treatment-related. The lack of a
dose-response across the several orders of magnitude suggests
thet no individual tumor of single etiology s attributable to
glyphosate administration.

Glyphosate has undergone repested and exdiensive review
by the United States Environmental Frotection Agency (US
=EAC1903), the BEuropean Union (EC 2002, Germany Rappor-
teur Member State 20158b) and the World Health Organiza-
tion/Food and Agriculture Crganization of the United Nations
(WHO/FAQ 2004b, WHO/FAQO 2004a). With regard 1o poten-
tial carcinogenic effects of glyphosate, the unanimous out-
come of these reviews has been that the data provide sufficient
evidence to conclude that glyphosate should not be considered
acarcinogen. Genotoxicity studies with glyphosate, conducted
under conditions stipulated by internationally accepted testing
guidelines and GLP, as reviewed in 2000 (Willlams et al. 2000)
and recently updated (Kier and Kirkland 2013}, indicate that
glyphosate clearly does not exhibit the properties of a DNA-
reactive genotoxic carcinogen. This lack of mutagenicity rules
out an important concern for carcinogenicity.

Mink et al. published a review of the available epidemio-
logical studies that investigated possible associations between
glyphosate and cancer diagnosed inhumans (Mink et al 2012).
No evidence was found for a statistically significant positive
association between cancer and exposure 10 glyphosate. While
one Agricultural Health Study (AHS) publication mentions a
“suggested association” between glyphosate use and multiple
myeloma (De Roos et al. 2008), a later summary of AHS
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Table 20, Summary of select neoplasms in male rats (Studies 1 - 8).

Gilyphosete — Fourteen carcinogenicily studies 203

Tumor Incidence/rumber of animals examined, by dose (mg/kg bw/day)

Controls -0

Select neoplasm [% range for studies] & dy4 Ao S0 @31 9739 M8 PBo 00 M04 9124
Pancreas islet cell adenoma 201387 [0 —14] 549 0/30 280 /24 250 O/32 uBT §BT 21T TS 2/64
Pituitary adenoma 153/398 [6 - 57] 19749 4730 20048 12/24 18M4T 331 1B1 32/58 819 41/75 17/63
Pituitary carcinoma 498 [2 6] 249 NF  3Mg 124 147 NFONF NF 018 NF - NF
Testes interstitial cell (Leydig)  14/447 [0 - 8] 3500 O37 B0 2B /B0 2/32 351 /B0 08 275 2/83
Thyroid C cell adenoma 35/391 [4 18] 149 026 049 W2 249 128 FUST B/58 AT 4074 *Ue3
Hepatocel lular adenoma 30/351 [0~ 4&1 NF 22/50 NF B0 NF 1048 2/51  2/80 149 075 2/64
Hepatocel lular carcinoma 221384 10— 42] 050 28/0 150 /B0 2/50 1848 O/51  2/80 149 15 ONF
Benign keratoacanthoma (skin) 825012 5} NF NEF NF NF NF  NF 3/51 3680 NF  3/75 /64
Tumor Incidence/rumber of animals examined, by dose (mig/kg bw/day)

Select neoplasm 2150 h285 °300 T354 9361 362 97406 €780 PO40 1000 MOTT M1Z7 91214 #1280
Pancreas islet cell adenoma NF 2081 2/21 80 0/B4 BB 148 NF - 7/59 149 151 178 184
Pituitary adenoma NF 1O/B1 721 3380 18/64  34/58  5/4G NF 32/50 17/50 20/51 42/78  19/63  NF
Pituitary carcinoma NF NF 1721 NF NF NF NF NF - NF /B0 NF NF NF  NF
Testes interstitial cell (Leydig) 1/49 VE1 o2t /B0 263 360 J/B0 2/49 2/60 250 /BT 2178 2/84 047
Thyroid C cell adenoma NF st 221 579 163 858 150 NF  7/60 849 %351 6/78 #0064 NF
Hepatocellular adenoma NF U5t 2/50  2/80 064 360 21/50 NF g/e0 280 BT /78 5G4 NF
Hepatocellular carcinoma 1749 Ot o0 2/80 NF U680 24/50 049 260 /B0 /BT T8 NF - O/47
Benign keratoacanthoma (skin) NF 051 NF 080 184 4/80 NF NF  &EBEG NF  e/B1 778 183 NF
& Shudyt (Monsanto) (CD) SO rats, rated unreliable for carcinogenicity evaluation.

udy2 (Monsanto) (CD) 8D rats, including interim sacrificegroups.
* Studdy3 (C 7@mmw&} 5D rats.
4 Study4 (Feinchemic Schwebda) Wistar rats.
® Wuﬁw{ xoel ) § »D rats, rated unreliable for carcinogenicity evaluation.

fStudy 6 (Arysta Life Sciences) Crj:CD 8D rats, including interim sacriféegroups.
9 Study 7 (Syngenta) Alphkc Al Wistar rats, including interim sacrificegroups.

Study 8 (Nufarm) Wistar Han CrlWI rats.
* Recordedas parafollicular adenoma.
NF not found/not reported

Table 21. Summary of select neoplasms in female rats (Studies 1 - 8).

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day )
Controls -0

Select neoplasm 1% range for studies] e dy4 0 e =4 9739 1000 MOS P Mis 4B
Pancresas islet cell adenoma  11/397 [0~ 9] YEQ 023 227 B0 049 016 228 OBt 1eD 2179 /63
Pituitary adenoma 2461397 114 - 78] 29/48 13/3% 19728 31/50 26/49 TI23 19729 28/51  48/60  B4/T9 44/83
Pituitary carcinoma 16/155 [2 - 17] 7148 NF 5128 550 12/48  NF 528 NFE 060 NF  NF
Thyroid C cell adenoma 251302 [3% — 16%)] 348 /24 Y27 BB 34T AT 129 FBT 2080 778 Foes
Hepatocellular adenoma 221302 [0 - 36] NF 18/48 1750 NF - NF 1949 3/50 /51 2/60 19 064
Hepatocellular carcinoma  14/210 [0 - 20] O/50 1548  O/B0 O/B0 2/50 1449 /50 /BT B0 NF  NF
Marnmary gland 11373848 58] 1646 NF 12/28 20/48 16/44  NF 1729 9/B1 S24/54 30179 4763

fibroadenoma
fMammary gland 40133412 -22] 646 0730 NF 548 8/44 /33 NF 351 b4 879 0/63

adenocarcinoma

Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)

Select neoplasm €300 h349 303 9437 b457 97406 ©1000 #1060 P1183  M247 M382 91488 €740
Pancress islet cell adenoma 2029 05t T8 B4 4600 148 149 NF O 088 1Te 0151 0/64
Pituitary adenoma ZBI30 16/BT 4TTT AG/63 4B/60  6/50 34/49  NF 34/59  B2/78  32/51  49/64
Pituitary carcinoma 2030 NF NF  NF 0/60 NF 7/489  NF  1/59 NF NF NF
Thyroid C cell adenoma 2129 MUS0 876 s @60 14T T8 NF O BBD 478 FOiBT Foied
Hepatocellular adenoma VEQG BT O78  B4 860 1380 250 NF O Ue0  ore 151 0/64
Hepatocellular carcinoma 050 1/81 NE  NF e 98D O/B0 0 NE O 2/60 NF 051 NF
Marnmary gland 19/30 TIBY 2VITT B84 52758 NF 20/50 5/22 S28/57  30/78  5/51 5164

fibroadenoma
fMarmmary gland 022 NF BT W77 Od 4me 0/48 NE 022 g/BT 878 651 2064 0/50
adsnocarcinoma
& Study1 (&/‘fomwnm)((}m S0 rats, rated unreliable for carcinogenicity evaluation.

b Study? (Monsanto) (CD) 8D rats, including interim sacrificegroups.

¢ Study3 (Cheminova) S0 rats.

d Studyd (Feinchemic Schwebda) Wistar rats.

® Studyd (Excel) 8D rats, rated unreliable for carcinogenicity evaluatio

f Study 6 (Arysta Life Sciences) Cri:CD 8D rats, including interim sacri («;egg;muw
9 Study 7 (Syngents) Alpkc AR SDWistar rats, including interim sacrificegroups.
udy8 (Nufarm) Wistar Han Crl:WI rats.

ecordedss adenome/adenofibroma/fibroma.

“Recordedes carcinomaladenocarcinoma.

NF not found/not reported.

o
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Table 22, Summary of select neoplasms in male mice (Studies 10 —14).

Crit Rev Toxicol, 2015; 45(3). 185-208

Tumor Incidence/number of animals examined, by dose (mg/

o/kg bwiday)

Controls ~0

Select neoplasm [% range for studies] 4.5 e85 b0 M50 57 “165 267
Bronchiolar-alveolar adenoma 31/249 110~ 18] 2022 §7/61 15/50 022 9150 §14/50 Sgy/51
Bronchi lw—a{wm F adenocarcinoma 101149 [2~10] NF S5/51 NF NF 3150 §1/50 57751
Bronchiolar-alveolar carcinoma 10100 [0 - 20] 2z NEF 7/50 012z NF NF NF
Hepatocellular adenoma 277250 [0 28] 5125 1751 12/50 328 W50 15/50 4751
Hepatocel lular carcinoma 15/250 10 ~16] 0/25 11/51 5150 028 0150 1/50 7i51
falignant lymphoma 16/205 10 Wél 15/50 1751 2/4 16/50 #5150 2750 2751
fMyeloid leukemia 31010~ 150 1751 NF 150 NF NF /51
Tumor Incidence/number of animals examined, by dose (mg/kg bw/day)
Select neoplasm b300 814 ‘838 f046 bo00  M4s54 “4348 f4841
Bronchiolar-alveolar adenoma 11150 9150 §13/80 5451 13750 15O §11/80 9/50
Bronchiolar-alveolaradenocarcinoma NF 2150 Se/50 §11751 NF NF 54/80 150
Bronchiolar-alveolar carcinoma 8/50 NF NF NF 950 1750 NF NF
Hepatocellular adenomea 11/50 150 15/60 2151 8/50 350 7150 0750
Hepatocellular carcinoma 6750 /50 3150 4/51 7150 2150 1750 2150
fialignant lymphoma 11 #4150 050 5151 68 19/50 B/50 #2150
fMyeloid leukemia NF NF NF 0/51 NF 150 NF NF

Mamdym {Monsanto) CD-1 mice.

b Study 11 (Cheminova) CD-1 mice.

¢ Study 12 {A rysta Life Science) CD-1 mice.

d Study13 (Feinchemic S mwemw Swiss albino mice.
® Study 14 (Nufarm) CD-1 mice.

§ Recordedas lung rather than bronchiolar-alveolar.

*Recorded as sum of malignant lymphoblestic lymphosarcoma with leukemia

lymphosarcoma.
$ Recordedas lymphoblastic
NF not found/not reported.

lyrphosarcoma with leukemia

results note that there were no associations between glyphosate
use and a number of cancers, including lymphohemetopoietic
cancers, leukermia, NHL, and muttiple myelorma (Weichenthal
et al. 2010) A subsequent reanalysis of AHS data obtained
under the Freedom of Information Act notes no suggestion of
an association between glyphosate use and multiple myeloma,
witha relative risk of 1.1 and 95% and a confidence interval of
0.5 -2 9(Sordhan 2012). A recent review paper (Alavanjaet al.

Table 23, Summary of select neoplasms in female mice (Studies 10 —14).

, lymphoblastic lymphosarcoma without leukemia and composite

2013) cites another epidemiology study clairming an associa-
tion between glyphosate use and NHL (Eri Kfmf:ﬂﬂ et al. 2008),
but this research is strongly criticized in the recent Reevalu-
ation Assessment Report for glyphosate Annex | Renewsl
in Europe (Germany Repporteur Member State 2015h),
hightighting potential referral bias, selection bies, uncon-
trolled confounding, limited deta usage contrary to claims of
including all new cases (living cases only, rather than living

Tumor incidence/number of animals examined, by dose (rmg/kyg bw/day)

Controls -0
Select neoplasm [% range for studies] 5 0 e85 b100 51 453 190 e267
Bronchiolar-al veolar adenoma 281250 [2 - 201 016 5451 3/49 2121 S6/50 a/50 52781
Bronchiolar-alveclar adenocarcinoma 2/98 (2] NF §2/51 NF NF 52150 3150 52751
Bronchiolar-alveolar carcinoma 89/151 (2 —10] 016 NF 2149 0/20 NF NF NF
Maligrant lymphorma 54/215 110 -100] 20/50 &/51 1215 19750 4/50 w650 10151
Myeloid leukemia 215610 —4] 150 /51 NF 250 0750 NF 1751
Pituitary adenoma Y2320 -2] 016 151 03z 07 150 021 0/51
Tumor incidence/number of animals examined, by dose (mg/kg bw/day)
Select neoples b300 “787 2946 955 b1000 Mas7 “4116 a5874
Bronchiolar-alveolar adenoma 3150 $12/50 52/51 6/50 3150 S5/5() 150
Bronchiolar-alveolaradenccarcinoma NF 53750 53/51 NF NF §1/80 4150
Bronchiolar-alveolar carcinoma 1750 NF NF F 5/50 050 NF NF
Malignant lymphoma 912 850 11751 G50 13714 25150 7150 HO/E0
Myeloid lsukemia NF 050 /51 NF NF 1750 1750 NF
Pituitary adenoma 0/23 0150 2051 0/44 350 1748 0/50 0137

& Stucy 10 (Monsanto) CD-1 mice.
b Study 11 (Cheminova) CD-1 mice.
¢ Study 12 (Arysta L ience) CO-1 mice.
4 Study13 (Fei mmm mahwehm) Swiss albino mice.
@ %zdy 14 (Nufarm) CD-1 mice.
§ Recordedss lung ra‘chm than bronchioler-alveolar.
scordedss sum of lymphoblastic lymphosarcoma with leukemia
2 animals in anterior lobe, 1 animal in intermediate lobe.
NF not found/not reported.

#

a, lymphoblastic lymphosarcoma without leukemia and composite lymphosarcoma.
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plus dead), and questionable definitiorvinterpretation of dose-
response. 1t is important to note that the Eriksson et al. study
did detect statistically significant positive associations for
small lymphocytic lymphoma/chronic tymphocytic leukemia
and “unspecified NHL 7 while the following lvmphomas were
not statistically significantly associated with glyphosate use:
B-call lyrphomas, grade -1 follicular lvmphoma, diffuse
large B-cell lymphora, other specitied B-cell lymphomas,
unspecified B cell lymphomas, and T-cell lymphomes (Eriks-
son et al. 2008). As previously discussed, statistically signifi-
cant associations need to be evaluated further for study bias,
confounders and sampling error, before expending resources
and energy on further evaluation of potential causality.

Epiderniological investigations face the difficulty of reli-
ably determining the magnitude of exposure to the chemical
in guestion, while ruling out confounders like co-exposure
to other chemicals, and environmental and lifestyle factors.
In contrast, carcinogenicity studies in experimental animals,
when conducted according to appropriate testing guidelines,
are designed in a fashion that allows a direct association
between observed effects and substance exposure, vet the
relevance of ohserved findings to humans is an important con-
sideration. This manuscript collectively presents the scientific
community with carcinogenicity results from a remarkably
large body of data from fourteen long-term carcinogenicity
studies on glyphosate.

Glyphosate is of very low acute toxicity with an oral LD,
in the rat in excess of 5000 mg/kg of body weight.. The sub-
chronic NQAEL is 400 mo/kg bw/day, and is based on effects
that do not impair long-term survival (WHOBAD 2004D,
WHOMFAO 2004a8). This allows administration of very high
glyphosate doses 1o rodents for a prolonged time. Dietary
levels of up to 30 000 and 40 000 milligrams of glyphosate
per kilogram of diet have been administered 1o rats and mice,
respectively, in chronic feeding studies covering their expected
Hfespan without apparent effects on longevity.

One of the most critical aspects of designing a carcing-
genicity study is the choice of dose levels, especially the top
dose, at either the limit dose or MTD. The relevant OECD
Ttas 451 and 453 for carcinogenicity studies propose a body
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weight depression of approximately 10% as evidence for sys-
temic toxicity. This is eguivalent 1o the concept of the MTD,
which is discussed in a supporting OECD guidance docurment
(OECD 2012b). For chemicals which are well tolerated by
the experimental animal, where no dose-limiting toxicity is
observed, the respective OECD guidance suggests 1000 mg/
kg bw/day as the highest dose level (QECD 2012a). Many of
the carcinogenicity studies performed in rats and mice with
glyphosate have been conducted with the high dose group
receiving levels of glyphosate at, or inexcess of the Himit dose
because of its very low toxicity following repeat exposure.
Following this extensive testing, even at very high exposure
levels, there was no evidence of a carcinogenic effect related
to glyphosate treatrment. The select neoplasms highlighted in
Tebles 2023 show normal biological background levels of
spontaneous neoplasms, with lack of dose-response across
the data sets. The combined studies clearly indicate that
glyphosate’s carcinogenic potential is extremely low or none-
existent inanimal models up to very high doses.

By way of comparison, the worst-case calculated humean
dietary exposure to glyphosate, the Theoretical Maximum
Daily Intake (TMDL) is 014 mo/kg bw/day (EFSA 2012).
Systermnic exposure of operators, as assessed for the kU
reapproval of glyphosate, is predicted to be between 0.0034
(German BBA model, tractor-mounted ground-boom sprayer)
and 0.226 mo/kg bw/day (UK POEM, hand-held-spraving to
low targets, data not shown). The model estimates are sup-
ported by hurman bicmonitoring data in farmers showing sys-
ternic exposures of 0.004 and 0.0001 mg/kg/day for worst-case
and mean acute doses, respectively (Acguavella et al. 2004).
The high doses in chronic rodent studies at which no evidence
of carcinogenicity is demonstrated are at least hundreds of
thousands fold greater than peak human syslemic exposure
levels. Clearly, there is no scientific basis for concern of carci-
nogenic risk to humans resulting from glyphosate exposure.

With over 40 vears of scientific research on glyphosate, no
competling evidence exists for a mechanism for glyphosate to
cause cancer. Marnrmalian metabolism does not activate gly-
phosate o a toxic metabolite (Anedon et al. 2008, WHO/FAO
2004a). The lack of glyphosate DNA reactivity supports the

m
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FigureZ. Likelihood of glyphosate carcinogenicity based on experimental and epidemiological data; a causal inference grid as proposed by Adami et al.

(2011} to utilize both toxicological and epidemiclogical data.
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lack of potential for an initiation event for carcinogenesis (Kier
and Kirkland 2013). Clearly, there is g lack of potential for
glyphosate to induce hormonal oncogenesis, basad on both the
tumor incidence data presented and the unequivocal evidence
that glyphosate is not an endocrine disruptor (Bailey et al.
2013, Levine et al. 2012, Saltrmiras and Tobia 2012, Webb
et al 2013, Willlams et al. 2012).

The absence of test substance-related neoplastic ﬂmdmgs
inatotal of 14 rodent cancer bicassays with glyphosate is |
stark contrast to the recent dramatic media reports, | c»mmmt
postings, and YouTube videos of rat tumors, hypothesized to
be caused by treatrnent with maize containing glyphosate resi-
due or drinking water spiked with a glyphosate formulation
(Seralini et al. 2014, Buch reports, under the scrutiny of the
global scientifc community, dermand greater data transparency
and accountability within the peer review process.

The &b ‘ clated mechanism for
carcinogenesis, the huge volume of genotoxicity data

ies indicating no likely mutagenic or DINA-resctive
potential (Kier and Kirkland 2013), combined with the
lack of epidemiological evidence for glyphosate-induced
cancer (Mink et al. Q(M’"’}, and the lack of carcinogenic-
Ety in multiple rodent carci rm@m ity assays, are depicted
in a causal inference grid in Figure 2, as put forth by
Adami et al. (Adami et al. 2011). The overwhelming
weight of the available evidence, demonstrating a lack
of both biclogical plausibility and epidemioclogical effects,
draws a compelling conclusion that glyphosate’s carcino-
genic potential is extrermnely low or non-existent.
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